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Preface

Today’s knowledge economy is driven in large part by the nation’s capacity
to innovate. One of the defining features of the U.S. economy is a high level
of entrepreneurial activity. Entrepreneurs in the United States see opportuni-
ties and are willing and able to take on risk to bring new welfare-enhancing,
wealth-generating technologies to the market. Yet, while innovation in areas such
as genomics, bioinformatics, and nanotechnology present new opportunities,
converting these ideas into innovations for the market involves substantial chal-
lenges.! The American capacity for innovation can be strengthened by addressing
the challenges faced by entrepreneurs. Public-private partnerships are one means
to help entrepreneurs bring new ideas to market.”

The Small Business Innovation Research (SBIR) program is one of the
largest examples of U.S. public-private partnerships. An underlying thesis of the
program is that small businesses are a strong source of new ideas and economic
growth, but that it will be difficult to find financial support for these ideas in
the early stages, thus the desirability for public-private partnerships in the small
business, high-technology arena to encourage innovation and to help the govern-
ment achieve its missions. Founded in 1982, the SBIR program was designed to
encourage small business to develop new processes and products and to provide
quality research in support of the many missions of the U.S. government. By

1See Lewis M. Branscomb, Kenneth P. Morse, Michael J. Roberts, Darin Boville, Managing Techni-
cal Risk: Understanding Private Sector Decision Making on Early Stage Technology Based Projects,
Gaithersburg, MD: National Institute of Standards and Technology, 2000.

’For a summary analysis of best practice among U.S. public-private partnerships, see National
Research Council, Government-Industry Partnerships for the Development of New Technologies:
Summary Report, Charles W. Wessner, ed., Washington, DC: The National Academies Press, 2002.

Xiii
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including qualified small businesses in the nation’s R&D (research and develop-
ment) effort, SBIR grants are intended to stimulate innovative new technologies
to help agencies meet the specific research and development needs of the nation
in many areas, including health, the environment, and national defense.

As the SBIR program approached its twentieth year of operation, the U.S.
Congress asked the National Research Council to conduct a “comprehensive
study of how the SBIR program has stimulated technological innovation and used
small businesses to meet federal research and development needs” and to make
recommendations on still further improvements to the program.’ To guide this
study, the National Research Council (NRC) drew together an expert Committee
that includes eminent economists, small businessmen and women, and venture
capitalists, led by Dr. Jacques Gansler of the University of Maryland (formerly
Undersecretary of Defense for Acquisition and Technology.) The membership of
this Committee is listed in the front matter of this volume. Given the extent of
“green-field research” required for this study, the Committee in turn drew on a
distinguished team of researchers to, among other tasks, administer surveys and
conduct case studies, and develop and analyze statistical information about the
program. The membership of this research team is also listed in the front matter
of this volume.

This report is one of a series published by the National Academies in re-
sponse to the congressional request. The series includes reports on the Small
Business Innovation Research Program at the Department of Defense, the Na-
tional Institutes of Health, the National Aeronautics and Space Administration,
the Department of Energy, and the National Science Foundation—the 5 agencies
responsible for 96 percent of the program’s operations. It includes, as well, an
Overview Report that provides assessment of the program’s operations across
the federal government. Other reports in the series include a summary of the
2002 conference that launched the study, and a summary of the 2005 conference
on SBIR and the Phase Il Challenge of Commercialization that focused on the
transition issues face by program participants at the Department of Defense and
NASA.#4

PROJECT ANTECEDENTS

The current assessment of the SBIR program follows directly from an ear-
lier analysis of public-private partnerships by the National Research Council’s
Board on Science, Technology, and Economic Policy (STEP). Under the direc-
tion of Gordon Moore, Chairman Emeritus of Intel, the NRC Committee on
Government-Industry Partnerships prepared eleven volumes reviewing the driv-

3See the SBIR Reauthorization Act of 2000 (H.R. 5667, Section 108).

4National Research Council, SBIR: Program Diversity and Assessment Challenges, Charles W.
Wessner, ed., Washington, DC: The National Academies Press, 2004. National Research Council,
SBIR and the Phase IlI Challenge of Commercialization, Charles W. Wessner, ed., Washington, DC:
The National Academies Press, 2007.
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ers of cooperation among industry, universities, and government; operational
assessments of current programs; emerging needs at the intersection of biotech-
nology and information technology; the current experience of foreign government
partnerships and opportunities for international cooperation; and the changing
roles of government laboratories, universities, and other research organizations
in the national innovation system.’

This analysis of public-private partnerships included two published studies
of the SBIR program. Drawing from expert knowledge at a 1998 workshop held
at the National Academy of Sciences, the first report, The Small Business Innova-
tion Research Program: Challenges and Opportunities, examined the origins of
the program and identified operational challenges critical to the program’s future
effectiveness.® The report also highlighted the relative paucity of research on the
SBIR program.

Following this initial report, the Department of Defense (DoD) asked the
NRC to assess the Department’s Fast Track Initiative in comparison with the
operation of its regular SBIR program. The resulting report, The Small Business
Innovation Research Program: An Assessment of the Department of Defense Fast
Track Initiative, was the first comprehensive, external assessment of the Depart-
ment of Defense’s program. The study, which involved substantial case study
and survey research, found that the SBIR program was achieving its legislated
goals. It also found that DoD’s Fast Track Initiative was achieving its objective
of greater commercialization and recommended that the program be continued
and expanded where appropriate.” The report also recommended that the SBIR
program overall would benefit from further research and analysis, a recommenda-
tion subsequently adopted by the U.S. Congress.

SBIR REAUTHORIZATION AND
CONGRESSIONAL REQUEST FOR REVIEW

As a part of the 2000 reauthorization of the SBIR program, Congress called
for a review of the SBIR programs of the agencies that account collectively for
96 percent of program funding. As noted, the five agencies meeting this criterion,
by size of program, are the Departments of Defense, the National Institutes of

For a summary of the topics covered and main lessons learned from this extensive study, see
National Research Council, Government-Industry Partnerships for the Development of New Technolo-
gies: Summary Report, op. cit.

See National Research Council, The Small Business Innovation Research Program: Challenges
and Opportunities, Charles W. Wessner, ed., Washington, DC: National Academy Press, 1999.

7See National Research Council, The Small Business Innovation Research Program: An Assess-
ment of the Department of Defense Fast Track Initiative, Charles W. Wessner, ed., Washington, DC:
National Academy Press, 2000. Given that virtually no published analytical literature existed on
SBIR, this Fast Track study pioneered research in this area, developing extensive case studies and
newly developed surveys.
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Health, the National Aeronautics and Space Administration, the Department of
Energy, and the National Science Foundation.

HR 5667 directed the NRC to evaluate the quality of SBIR research and
evaluate the SBIR program’s value to the agency mission. It called for an as-
sessment of the extent to which SBIR projects achieve some measure of com-
mercialization, as well as an evaluation of the program’s overall economic and
noneconomic benefits. It also called for additional analysis as required to support
specific recommendations on areas such as measuring outcomes for agency strat-
egy and performance, increasing federal procurement of technologies produced
by small business, and overall improvements to the SBIR program.
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Summary

I. INTRODUCTION

The Small Business Innovation Research (SBIR) program was created in
1982 through the Small Business Innovation Development Act. The program was
designated as having four distinct purposes: “(1) to stimulate technological inno-
vation; (2) to use small business to meet federal research and development needs;
(3) to foster and encourage participation by minority and disadvantaged persons
in technological innovation; and (4) to increase private sector commercialization
innovations derived from federal research and development.”!

As the SBIR program approached its 20th year of operation, the U.S. Con-
gress requested the National Research Council (NRC) of the National Academies
to conduct a “comprehensive study of how the SBIR program has stimulated
technological innovation and used small businesses to meet federal research and
development needs,” and to make recommendations on improvements to the pro-

!Small Business Innovation Development Act (PL 97-219). In reauthorizing the program in 1992
(PL 102-564) Congress expanded the purposes “to emphasize the program’s goal of increasing pri-
vate sector commercialization developed through federal research and development and to improve
the federal government’s dissemination of information concerning the small business innovation
research program, particularly with regard to program participation by woman-owned small business
concerns and by socially and economically disadvantaged small business concerns.” The evolution of
the SBIR legislation was influenced by an accumulation of evidence beginning with David Birch in
the late 1970s suggesting that small businesses were assuming an increasingly important role in both
innovation and job creation. This trend gained greater credibility in the 1980s and was confirmed by
empirical analysis, notably by Zoltan Acs and David Audretsch of the U.S. Small Business Innovation
Data Base, which confirmed the increased importance of small firms in generating technological inno-
vations and their growing contribution to the U.S. economy. See Zoltan Acs and David Audretsch,
Innovation and Small Firms, Cambridge, MA: MIT Press, 1990.
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gram.? Mandated as a part of SBIR’s reauthorization in late 2000, the NRC study
has assessed the SBIR program as administered at the five federal agencies that
together make up some 96 percent of SBIR program expenditures. The agencies,
in order of program size, are the Department of Defense (DoD), the National
Institutes of Health (NIH)3, the National Aeronautics and Space Administration
(NASA), the Department of Energy (DoE), and the National Science Foundation
(NSF).

Based on that legislation, and after extensive consultations with both Con-
gress and agency officials, the NRC focused its study on two overarching ques-
tions.* First, how well do the agency SBIR programs meet four societal objectives
of interest to Congress: (1) to stimulate technological innovation; (2) to increase
private sector commercialization of innovations (3) to use small business to
meet federal research and development needs; and (4) to foster and encourage
participation by minority and disadvantaged persons in technological innovation.?
Second, can the management of agency SBIR programs be made more effective?
Are there best practices in agency SBIR programs that may be extended to other
agencies’ SBIR programs?

To satisfy the congressional request for an external assessment of the pro-
gram, the NRC analysis of the operations of SBIR program involved multiple
sources and methodologies. Extensive NRC commissioned surveys and case stud-
ies were carried out by a large team of expert researchers. In addition, agency-
compiled program data, program documents, and the existing literature were
reviewed. These were complemented by extensive interviews and discussions

2See Public Law 106-554, Appendix I[—H.R. 5667, Section 108.

3The legislation designates the Department of Health and Human Services (DHHS) as the agency
responsible for the SBIR program, and some components of DHHS, other than NIH, have SBIR
programs. The DHHS program is dominated by NIH awards and the study’s focus remains the NIH,
in this case taken to represent the entire department.

“Three primary documents condition and define the objectives for this study: These are the
Legislation—H.R. 5667, the NRC-Agencies Memorandum of Understanding, and the NRC contracts
accepted by the five agencies. These are reflected in the Statement of Task addressed to the Commit-
tee by the Academies leadership. Based on these three documents, the NRC Committee developed a
comprehensive and agreed set of practical objectives to be reviewed. These are outlined in the Com-
mittee’s formal Methodology Report, particularly Chapter 3, “Clarifying Study Objectives.” National
Research Council, An Assessment of the Small Business Innovation Research Program—~Project
Methodology, Washington, DC: The National Academies Press, 2004, accessed at <http://books.nap.
edu/catalog.php ?record_id=11097#toc>.

>These congressional objectives are found in the Small Business Innovation Development Act
(PL 97-219). In reauthorizing the program in 1992, (PL 102-564) Congress expanded the purposes to
“emphasize the program’s goal of increasing private sector commercialization developed through fed-
eral research and development and to improve the federal government’s dissemination of information
concerning small business innovation, particularly with regard to woman-owned business concerns
and by socially and economically disadvantaged small business concerns.”
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BOX S-1
Special Features of the Department of Defense SBIR Program

Scale. The SBIR program at DoD is the largest of all the SBIR programs. At $943
million in 2005, DoD accounts for over half the program’s funding.

Diversity of Operation. The program is spread across the three services and
seven agencies involving widely different missions, ranging from missile defense
to Navy submarines to Army support for special forces to the special needs of
DARPA.

The Acquisition Objective. Unlike some major agency participants in the pro-
gram (e.g., NIH & NSF), DoD seeks to acquire and use many of the technologies
and products developed through the program. For many DoD officials, this is the
primary objective of the program.

Testing and Certification. Given the demands inherent in the Defense mission,
the services have stringent requirements for testing and certification that typically
require substantial additional investments before commercialization is realized
through DoD acquisition. Similarly, the long lead times involved in the procurement
process means that careful attention must be paid to identify and integrate rel-
evant SBIR projects if they are eventually to find a place in a weapons system.

Innovation and Experimentation. The department has launched a series of
management initiatives and experiments in an effort to enhance the program’s
return, especially through greater commercialization, over the last decade. The
department has also led the way in commissioning external evaluations of its
program.

with program managers, program participants, agency ‘users’ of the program, as
well as program stakeholders.®

The study as a whole sought to understand operational challenges and mea-
sure program effectiveness, including the quality of the research projects being
conducted under the SBIR program, the challenges and achievements in com-
mercialization of the research, and the program’s contribution to accomplish-
ing agency missions. To the extent possible, the evaluation included estimates
of the benefits (both economic and noneconomic) achieved by the SBIR pro-
gram, as well as broader policy issues associated with public-private collabora-
tions for technology development and government support for high-technology
innovation.

Taken together, this study is the most comprehensive assessment of SBIR to

%The Committee’s methodological approach is described in National Research Council, An As-
sessment of the Small Business Innovation Research Program—~Project Methodology, op. cit. For a
summary of potential biases in innovation survey responses, see Box 4-1.
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date. Its empirical, multifaceted approach to evaluation sheds new light on the
operation of the SBIR program in the challenging area of early-stage finance.
As with any assessment, particularly one across five quite different agencies
and departments, there are methodological challenges. These are identified and
discussed at several points in the text. This important caveat notwithstanding, the
scope and diversity of the report’s research should contribute significantly to the
understanding of the SBIR program’s multiple objectives, measurement issues,
operational challenges, and achievements.

II. SUMMARY OF KEY PROGRAM FINDINGS

The SBIR program at the Department of Defense is meeting the legislative
and mission-related objectives of the program. The program is contributing di-
rectly to enhanced capabilities for the Department of Defense and the needs of
those charged with defending the country. With regard to the specific legislated
objectives of the program, the DoD SBIR program is:

 Achieving significant levels of commercialization.” Within DoD, commer-
cialization can take multiple forms, sometimes involving insertion in the ac-
quisition process, and/or direct sales to the government of through private
commercial markets, licensing of technologies, and the acquisition of SBIR
firms by larger Defense suppliers in the private sector. It is also true that the
potential for private commercialization is sometimes inhibited by the very
nature of the defense mission.

o Commercialization and the potential for commercialization can be mea-
sured in a variety of fashions, ranging from sales and licensing to additional
DoD or private investment to acquisition of the technology or the firm by
other companies.

o A significant proportion of the SBIR awards achieve commercialization, al-
though other factors naturally also contribute to this process. For example,
46 percent of projects responding to the NRC Phase II Survey reported
some sales or licensing revenues; a further 18 percent anticipated such
revenues in the future.®

o Commercial success tends to be concentrated. As is true with private sector
early-stage projects (e.g., those funded by venture capital), a small number

7See Finding A in Chapter 2. A more detailed discussion of tools and metrics for assessing com-
mercialization can be found in Chapter 4. It should be noted that the complex character of commer-
cialization means that it cannot be captured in any individual metric.

8See Figure 4-1.
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of firms account for a large proportion of commercial success.’ Other SBIR
firms often provide valuable services and products but do not reach the
highest levels of commercial returns.'®

°SBIR awards often occur earlier in the technology development cycle than where venture funds
normally invest. Nonetheless, returns on venture funding tend to show the same high skew that
characterizes commercial returns on the SBIR awards. See John H. Cochrane, “The Risk and Return
of Venture Capital,” Journal of Financial Economics 75(1):3-52, 2005. Drawing on the VentureOne
database Cochrane plots a histogram of net venture capital returns on investments that “shows an
extraordinary skewness of returns. Most returns are modest, but there is a long right tail of extraor-
dinary good returns. 15 percent of the firms that go public or are acquired give a return greater than
1,000 percent! It is also interesting how many modest returns there are. About 15 percent of returns
are less than 0, and 35 percent are less than 100 percent. An IPO or acquisition is not a guarantee of
a huge return. In fact, the modal or ‘most probable’ outcome is about a 25 percent return.” See also
Paul A. Gompers and Josh Lerner, “Risk and Reward in Private Equity Investments: The Challenge
of Performance Assessment,” Journal of Private Equity 1(Winter 1977):5-12. Steven D. Carden and
Olive Darragh, “A Halo for Angel Investors,” The McKinsey Quarterly 1, 2004, also show a similar
skew in the distribution of returns for venture capital portfolios.

19Unlike venture or angel investors, DoD SBIR funds research projects, not R&D companies as
a whole. Angel investors or venture capitalists are an appropriate referent group, though not an ap-
propriate group for direct comparison. Venture capital investors normally provide significant equity
in exchange for ownership of a significant portion of the firm. Venture investors participate in firm
governance and firm strategy and advise and recruit the firm’s management team. SBIR awards es-
sentially support projects.
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* Meeting the agency mission. The DoD SBIR program is contributing signifi-
cant enhancements to the department’s mission capabilities.'!

o

The innovations developed by SBIR companies are contributing to U.S.

technological dominance, reducing the cost of operation of support sys-

tems, providing new capabilities, and providing increased responsiveness

to new challenges (e.g., improvised explosive devices'?).

Case studies indicate that SBIR projects have provided valuable mission

technologies, some within a very short space of time, and others with very

large impacts. '3

The highly structured topic development process is designed to ensure that

SBIR projects are aligned with specific Defense needs, and the department

has made increased efforts to ensure that this is the case.

SBIR offers significant advantages for DoD with respect to its mission by

providing:

= Shorter planning horizons, which provide what agency staff see as
unique flexibility within the execution year;

= A low risk “technological probe” or research tool for finding new solu-
tions, new technologies, and new suppliers, contributing to enhanced
quality and capacity for systems and operations;

= Access to technologies and providers otherwise largely excluded from
the prime-dominated R&D process at DoD; '

= Sole source contracts for successful technologies permitting more rapid
acquisition with fewer constraints than normal procurements conducted
under the Federal Acquisition Regulation (FAR).

In some cases, projects meet agency mission objectives without generating

substantial commercial outcomes.

 Supporting small business and competition.!> The DoD program provides
substantial benefits for small business participants in terms of market access,
funding, and recognition. The program supports a diverse array of small
businesses contributing to the vitality of the defense industrial base while
providing greater competition and new options and opportunities for DoD
managers.

o

o

New entrants. The program attracts a substantial number (37 percent) of
small business participants who are new to the program each year.'6
Formation of new, innovative companies. A significant portion of re-

!1See Finding B in Chapter 2.

12See Box 4-3.

13See Section 4.3.2 for references to SBIR companies.
14See evidence in Chapter 4, especially Section 4.3.
15See Finding C in Chapter 2.

16See Figure 3-3.
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spondents to the NRC Firm Survey (25 percent) reported that they were
founded entirely or partly because of an SBIR award.!”

o Support for academic researchers to transition ideas to the defense
market. About 25 percent of projects had some significant relationship to
a university.'8

o Encouragement for university-industry and other partnerships. DoD
SBIR funding provides the resources for small firms to engage academic
consultants and other private sector partners, as reflected in case studies.

o Substantial impact on project initiation. A large percentage of the sur-
veyed firms (about 70 percent) reported that their project would definitely
or probably not have gone ahead without the SBIR funding; many of the
remainder indicated that they would have anticipated substantial delays
without the SBIR award.!”

o Market recognition. An SBIR award provides markets with additional
information concerning the technical and commercial potential, generating
a certification effect with regard to potential investors and customers.?

* Supporting woman-owned small business concerns and by socially and
economically disadvantaged small business concerns.”! The SBIR provides
important support, notably in light of the contributions noted just above, to
minority- and woman-owned firms.

o Trends in awards to woman-owned firms are positive. Awards to
woman-owned firms have continued to increase both in absolute numbers
(303 Phase I awards in 2005) and as a percentage of the overall awards
(12.9 percent of Phase I awards in 2005).%2

o Trends in awards to minority-owned firms are more problematic. The
share of Phase I awards to minority-owned firms has declined substantially
since the mid-1990s, falling below 10 percent for the first time in 2004,
where it has remained. (See Figure S-2.) This trend in awards for minority

17See Table 4-15 (NRC Firm Survey, Question 1). Data reported in Table 4-15 are for firms with at
least one DoD award. NRC Firm Survey results reported in Appendix B are for all agencies (DoD,
NIH, NSF, DoE, and NASA).

SNRC Phase II Survey, Question 31. See also Table 4-19.

19See Figure 4-10 (NRC Phase II Survey, Question 13).

2nnovation awards “may be a signal to non-government sources of funding, such as banks, venture
capital firms, and other potential investors, that the firm has a potential future stream of revenue from
areliable customer (the U.S. government.)” See Joshua Lerner, “’Public Venture Capital’: Rationales
and Evaluation,” in National Research Council, The Small Business Innovation Research Program:
Challenges and Opportunities, Charles W. Wessner, ed., Washington, DC: National Academy Press,
1999. See also Maryann P. Feldman and Maryellen R. Kelly, “Leveraging Research and Development:
The Impact of the Advanced Technology Program,” in National Research Council, The Advanced
Technology Program: Assessing Outcomes, Charles W. Wessner, ed., Washington, DC: National
Academy Press, 2001, p. 204.

21See Finding E in Chapter 2.

22See Figure 3-12 based on the DoD awards database.
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firms suggests the need for further empirical examination. There may be a
need for enhanced outreach by the department.??

* Knowledge generation. The DoD SBIR program is generating significant
intellectual capital. The program contributes to new scientific and techno-
logical knowledge, as SBIR companies have generated numerous publications
and patents. This knowledge takes many forms, not all of which are easily
measured.?*

o Publications. Thirty-two percent of DoD survey respondents published at
least one peer-reviewed article based on the SBIR project surveyed by the
NRC, and about 15 percent of them generated more than five articles.?

o Patents. Nearly 35 percent of the DoD projects surveyed generated at least
one patent application and just over 25 percent had received a patent related
to the project.®

o Indirect effects. Interviews by the research team offer strong anecdotal
evidence with regard to indirect effects of projects that provide investiga-
tors, research staff, and DoD management with knowledge that can become
useful in a different context. In some cases, knowledge is transferred from

ZBased on DoD awards database.

2#See Finding F in Chapter 2.

25See Figure 4-18 (NRC Phase II Survey, Question 18).
26See Table 4-18.
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one company to another; in others, the knowledge becomes relevant in a
different technical context.?’

o Nonlinear innovation paths. By its three-phase structure, the SBIR pro-
gram suffers from an implicit linear myth, namely that a single grant for a
single project is sufficient to fully develop a technology and drive long-term
growth of the company. In practice, a single grant is often not sufficient to
commercialize a product. Often multiple related projects, complementary
technologies, and varied funding sources are needed, in addition to effec-
tive management, to bring a product to market. With regard to additional
awards, NRC survey data indicate that returns are maximized where firms
have received 10-25 previous Phase II awards.?8

III. SUMMARY OF KEY PROGRAM RECOMMENDATIONS

As noted in the Findings section above, the Department of Defense has
an effective SBIR program. The recommended improvements listed below
should enable the DoD SBIR managers to address the four mandated con-
gressional goals in a more efficient and effective manner.

* Improve the Phase III transition. DoD should continue and expand its work
on improving the Phase III transition (the transition from SBIR-funded Phase I
and Phase Il research to further research along the road toward commercializa-
tion—especially testing and evaluation funded by other DoD sources).?’ Areas
for possible action include:

o Provide incentives. Expansion of positive incentives for program officers
to utilize the SBIR program for their own research needs, beyond the cur-
rent requirements for their involvement in topic development.3°

o Adopt roadmaps. Inclusion of SBIR in the technology and program de-
velopment roadmaps that guide programs through the TRL stages, and
eventually through acquisitions.>!

o Identify and apply best practices across services and between ser-
vices. Some components have been particularly successful at Phase III
transition. Techniques used by these components may be transferable.3?

?’See Section 4.4.5.4. See also Box 4-6 in Chapter 4 for a case study of Advanced Ceramics
Research (ACR). The value of ACR’s low-cost, small unmanned aerial vehicle (UAV), initially
developed for whale watching around Hawaii, became apparent in Iraq, where it is used as a highly
flexible, general-purpose battlefield surveillance tool.

28See Section 4.4.3.2.

2See Recommendation A in Chapter 2.

30See Recommendation A-1 in Chapter 2.

31See Recommendation A-5 in Chapter 2.

32See Recommendation D-3 and Box 2-3.
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= Expand linkages. Improved linkages with other programs (e.g., Man-
Tech) might be enhanced to facilitate the Phase III transition.3
= Interest primes. Encouragement for the growing interest of the prime
contractors on the SBIR Program’s outputs and opportunities for part-
nering with SBIR companies. Consideration should be given to per-
formance incentives for further encouraging development of SBIR
supported technologies.>*
= Expand commercialization assistance. Expanded commercializa-
tion programs that provide training, counseling, and networking
opportunities.3>
Develop program profile. DoD leadership should take steps to improve
the perception of the SBIR program’s potential and accomplishments within
the department, address obstacles to fulfilling the program’s potential, and
seek resources to enhance program operation and outcomes as a means of
generating the attention and partnering needed for the program to operate
most effectively.’®
Encourage pilot programs. Making changes initially through pilot pro-
grams allows DoD to alter selected areas on a provisional basis; a uniform
approach is unlikely to work well for all components of a program that
funds highly diverse projects with very different capital requirements and
very different product development cycles.3” DoD should also identify best
practices across the SBIR program, and implement them as appropriate,
across the Department.38
Improve management and assessment. Additional funding should be
provided for program management and assessment in order to encourage
and support the development of a results-oriented SBIR program. Effective
management requires additional staff and funding. To manage the program
effectively requires better monitoring of awardees, enhanced efforts to
facilitate commercialization, the regular collection of higher-quality data
and its more systematic assessment. Currently, sufficient resources are not
available for these functions.
Expand evaluation. DoD should substantially strengthen and expand its
evaluation efforts in order to further develop a program culture that is
driven by outcomes and backed by internal and external evaluations.3’
=  DoD—like the other SBIR agencies—should be encouraged to develop
and provide to Congress a comprehensive annual report on SBIR. This

33See Recommendation A-6 in Chapter 2. The U.S. Army Manufacturing Technology (ManTech)
Program supports the development and implementation of advanced manufacturing technologies for
the production of Army Material.

34See Recommendation A-8 in Chapter 2.

35See Recommendation A-9 in Chapter 2.

36See Recommendation B in Chapter 2.

¥7See Recommendation E-1 in Chapter 2.

3See Box 2-2.

¥See Recommendation C in Chapter 2.
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will enhance program accountability. Such a publication will require
additional management funding (noted above).

= DoD should develop methodologies and capabilities that allow for a
sharing of best practices across its services and defense agencies.

= DoD should enhance existing efforts to develop the collection of data
needed to evaluate program outcomes.
o Provide management funds. To enhance program utilization, manage-
ment, and evaluation, as called for above, consideration should be given
to the provision of additional program management and evaluation funds.
There are three ways that this might be achieved:*"
= Additional funds might be allocated internally, within the existing bud-
gets of the services and agencies, as the Navy has done.

= Funds might be drawn from the existing set-aside for the program to
carry out these activities.

= The set-aside for the program, currently at 2.5 percent of external re-
search budgets, might be modestly increased, with the goal of providing
additional resources for management and evaluation to maximize the
program’s return to the nation.*!
o Increase the participation and success rates of woman- and minority-
owned firms:*
= Improve data collection and analysis. The Committee strongly encour-
ages the agencies to gather and report the data that would track woman
and minority firms as well as principal investigators (PIs), and to ensure
that SBIR is an effective road to opportunity.

= Encourage participation. Develop targeted outreach to improve the
participation rates of woman- and minority-owned firms, and strategies
to improve their success rates.

= Encourage emerging talent. Encourage woman and minority scientists
and engineers with the advanced degrees to serve as principal investiga-
tors (PIs) and/or senior co-investigators (Co-Is) on SBIR projects.

40See Recommendation F in Chapter 2.

#IEach of these options has its advantages and disadvantages. For the most part, the departments,
institutes, and agencies responsible for the SBIR program have not proved willing or able to make
additional management funds available. Without direction from Congress, they are unlikely to do so.
With regard to drawing funds from the program for evaluation and management, current legislation
does not permit this and would have to be modified; therefore the Congress has clearly intended
program funds to be for awards only. The third option, involving a modest increase to the program,
would also require legislative action and would perhaps be more easily achievable in the event of an
overall increase in the program. In any case, the Committee envisages an increase of the “set-aside”
of perhaps 0.03 percent to 0.05 percent on the order of $35 million to $40 million per year, or roughly
double what the Navy currently makes available to manage and augment its program. In the latter case
(0.05 percent), this would bring the program “set-aside” to 2.55 percent, providing modest resources
to assess and manage a program that is approaching an annual spend of some $2 billion. Whatever
modality adopted by the Congress, without additional resources the Committee’s call for improved
management, data collection, experimentation, and evaluation may prove moot.

42See Recommendation G in Chapter 2.
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Introduction

1.1 SBIR—PROGRAM CREATION AND ASSESSMENT

Created in 1982 by the Small Business Innovation Development Act. the
Small Business Innovation Research (SBIR) program was designed to stimulate
technological innovation among small private-sector businesses while providing
the government cost-effective new technical and scientific solutions to chal-
lenging mission problems. SBIR was also designed to help to stimulate the U.S.
economy by encouraging small businesses to market innovative technologies in
the private sector. !

As the SBIR program approached its twentieth year of existence, the U.S.

!The SBIR legislation drew from a growing body of evidence, starting in the late 1970s and accel-
erating in the 1980s, which indicated that small businesses were assuming an increasingly important
role in both innovation and job creation. David L. Birch, “Who Creates Jobs?” The Public Interest
65:3-14, 1981. This evidence gained new credibility with the Phase I empirical analysis by Zoltan
Acs and David Audretsch of the U.S. Small Business Innovation Data Base, which confirmed the
increased importance of small firms in generating technological innovations and their growing con-
tribution to the U.S. economy. See Zoltan Acs and David Audretsch, Innovation and Small Firms,
Cambridge MA: MIT Press, 1990. For the importance of small businesses to job creation, see also
Steven J. Davis, John Haltiwanger, and Scott Schuh, “Small Business and Job Creation: Dissecting
the Myth and Reassessing the Facts,” Business Economics 29(3):113-122, 1994. More recently, a
report by the Organization for Economic Cooperation and Development (OECD) notes that small
and medium-sized enterprises are attracting the attention of policy makers, not least because they are
seen as major sources of economic vitality, flexibility, and employment. Small business is especially
important as a source of new employment, accounting for a disproportionate share of job creation.
See Organisation for Economic Co-operation and Development, Small Business Job Creation and
Growth: Facts, Obstacles, and Best Practices, Paris: Organisation for Economic Co-operation and
Development, 1997.

12
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Congress requested that the National Research Council (NRC) of the National
Academies conduct a “comprehensive study of how the SBIR program has
stimulated technological innovation and used small businesses to meet federal
research and development needs,” and make recommendations on improvements
to the program.”> Mandated as a part of SBIR’s renewal in December 2000, the
NRC study has assessed the SBIR program as administered at the five federal
agencies that together make up 96 percent of SBIR program expenditures. The
agencies are, in decreasing order of program size: the Department of Defense
(DoD), the National Institutes of Health (NIH), the National Aeronautics and
Space Administration (NASA), the Department of Energy (DoE), and the Na-
tional Science Foundation (NSF). The SBIR program at DoD is the largest of
all the SBIR programs. At $943 million in 2005, DoD accounts for over half the
program’s funding.

The NRC Committee assessing the SBIR program was not asked to consider
if SBIR should exist or not—Congress has affirmatively decided this question on
three occasions.? Rather, the Committee was charged with providing an evidence
based assessment of the program’s operations, achievements, and challenges as
well as recommendations to improve the program’s effectiveness.

1.2 SBIR PROGRAM STRUCTURE

Eleven federal agencies are currently required to set aside 2.5 percent of their
extramural research and development budget exclusively for SBIR contracts.
Each year these agencies identify various R&D topics, representing scientific
and technical problems requiring innovative solutions, for pursuit by small busi-
nesses under the SBIR program. These topics are bundled together into individual
agency “solicitations”—publicly announced requests for SBIR proposals from in-
terested and qualifying small businesses. A small business can identify an appro-
priate topic it wants to pursue from these solicitations and, in response, propose
a project for an SBIR grant, a process now immensely facilitated by the Internet.
The required format for submitting a proposal is different for each agency. Pro-
posal selection also varies, though peer review of proposals on a competitive
basis by experts in the field is typical. Each agency then selects the proposals that
are found best to meet program selection criteria, and awards contracts or grants
to the proposing small businesses. Since the SBIR program’s inception at DoD,
all SBIR awards have been contracts awarded on a competitive basis.

As conceived in the 1982 Act, SBIR’s grant-making process is structured in
three phases at all agencies:

e Phase I grants essentially fund feasibility studies in which award win-

2See Public Law 106-554, Appendix [—H.R. 5667, Section 108.
3These are the 1982 Small Business Development Act, and the subsequent multiyear reauthoriza-
tions of the SBIR program in 1992 and 2000.
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ners undertake a limited amount of research aimed at establishing an idea’s sci-
entific and commercial promise. Today, the legislation anticipates Phase I grants
as high as $100,000.4

e Phase II grants are larger—the legislated amount is $750,000—and fund
more extensive R&D to further develop the scientific and commercial promise of
research ideas.

e Phase III. During this phase, companies do not receive additional fund-
ing from the SBIR program. Instead, grant recipients should be obtaining addi-
tional funds from a procurement program (if available) at the agency that made
the award, from private investors, or other sources of capital. The objective of this
phase is to move the technology from the prototype stage to the marketplace.

The Phase III Challenge

Obtaining Phase III support is often the most difficult challenge for new
firms to overcome. In practice, agencies have developed different approaches
to facilitate SBIR grantees’ transition to commercial viability; not least among
them are additional SBIR grants.’> The multiple approaches taken to address the
Phase III challenge are described in Chapter 5. The Department of Defense has
shown considerable initiative in its efforts to enhance commercialization and
capture returns for the program. Unlike some major agency participants in the
program (e.g., NIH & NSF), DoD seeks to acquire and use many of the technolo-
gies and products developed through the SBIR program.

Previous NRC research has shown that firms have different objectives in
applying to the program. Some want to demonstrate the potential of promising
research but may not seek to commercialize it themselves. Others seek to fulfill
agency research requirements more cost-effectively through the SBIR program
than through the traditional procurement process. Still others seek a certification
of quality (and the investments that can come from such recognition) as they push
science-based products towards commercialization.®

“With the agreement of the Small Business Administration, which plays an oversight role for the
program, this amount can be substantially higher in certain circumstances and is also often lower,
especially with smaller SBIR programs, e.g., EPA or the Department of Agriculture.

>The Phase III challenge was explored at a conference convened at the National Academies on
June 14, 2005. The proceedings of this conference are reported in National Research Council, SBIR
and the Phase III Challenge of Commercialization, Charles W. Wessner, ed., Washington, DC: The
National Academies Press, 2007.

6See Reid Cramer, “Patterns of Firm Participation in the Small Business Innovation Research
Program in Southwestern and Mountain States,” in National Research Council, The Small Business
Innovation Research Program: An Assessment of the Department of Defense Fast Track Initiative,
Charles W. Wessner, ed., Washington, DC: National Academy Press, 2000.
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1.3 SBIR REAUTHORIZATIONS

The SBIR program approached reauthorization in 1992 amidst continued
concerns about the U.S. economy’s capacity to commercialize inventions. Find-
ing that “U.S. technological performance is challenged less in the creation of
new technologies than in their commercialization and adoption,” the National
Academy of Sciences at the time recommended an increase in SBIR funding
as a means to improve the economy’s ability to adopt and commercialize new
technologies.”

Following this report, the Small Business Research and Development En-
hancement Act of 1992 (P.L. 102-564), which reauthorized the SBIR program
until September 30, 2000, doubled the set-aside rate to 2.5 percent.® This increase
in the percentage of R&D funds allocated to the program was accompanied by
a stronger emphasis on the commercialization of SBIR-funded technologies.’
Legislative language explicitly highlighted commercial potential as a criterion
for awarding SBIR grants. For Phase I awards, Congress directed program ad-
ministrators to assess whether projects have “commercial potential,” in addition
to scientific and technical merit, when evaluating SBIR applications.

The 1992 legislation mandated that program administrators consider the
existence of second-phase funding commitments from the private sector or other
non-SBIR sources when judging Phase II applications. Evidence of third-phase
follow-on commitments, along with other indicators of commercial potential,
was also to be sought. Moreover, the 1992 reauthorization directed that a small
business’s record of commercialization be taken into account when evaluating its
Phase II application.'?

The Small Business Reauthorization Act of 2000 (P.L. 106-554) extended
SBIR until September 30, 2008. It called for a two-phase assessment by the

’See National Research Council, The Government Role in Civilian Technology: Building a New
Alliance, Washington, DC: National Academy Press, 1992, p. 29.

8For fiscal year 2003, this has resulted in a program budget of approximately $1.6 billion across
all federal agencies, with the Department of Defense having the largest SBIR program at $834 mil-
lion, followed by the National Institutes of Health (NIH) at $525 million. The DoD SBIR program,
is made up of 10 participating components: Army, Navy, Air Force, Missile Defense Agency (MDA),
Defense Advanced Research Projects Agency (DARPA), Chemical Biological Defense (CBD), Spe-
cial Operations Command (SOCOM), Defense Threat Reduction Agency (DTRA), National Imagery
and Mapping Agency (NIMA), and the Office of Secretary of Defense (OSD). NIH counts 23 separate
institutes and agencies making SBIR awards, many with multiple programs.

9See Robert Archibald and David Finifter, “Evaluation of the Department of Defense Small Busi-
ness Innovation Research Program and the Fast Track Initiative: A Balanced Approach,” in National
Research Council, The Small Business Innovation Research Program: An Assessment of the Depart-
ment of Defense Fast Track Initiative, op. cit, pp. 211-250.

1A GAO report had found that agencies had not adopted a uniform method for weighing commer-
cial potential in SBIR applications. See U.S. General Accounting Office, Federal Research: Evalua-
tions of Small Business Innovation Research Can Be Strengthened, AO/RCED-99-114, Washington,
DC: U.S. General Accounting Office, 1999.
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National Research Council of the broader impacts of the program.!' The goals
of the SBIR program, as set out in the 1982 legislation, are: “(1) to stimulate
technological innovation; (2) to use small business to meet federal research and
development needs; (3) to foster and encourage participation by minority and dis-
advantaged persons in technological innovation; and (4) to increase private sector
commercialization innovations derived from federal research and development.

1.4 STRUCTURE OF THE NRC STUDY

This NRC assessment of SBIR has been conducted in several ways. In an
exceptional step, at the request of the agencies, a formal research methodology
was developed by the NRC. This methodology was then reviewed and approved
by an independent National Academies panel of experts.'? As the research began,
information about the program was also gathered through interviews with SBIR
program administrators and during two major conferences where SBIR officials
were invited to describe program operations, challenges, and accomplishments. '3
These conferences highlighted the important differences in the goals, and prac-
tices of the SBIR program at each agency. The conferences also explored the
challenges inherent in assessing such a diverse range of program objectives and
practices and the limits of using common metrics across agencies with signifi-
cantly different missions and objectives.

Implementing the approved research methodology, the NRC Committee de-
ployed multiple survey instruments and its researchers conducted a large number
of case studies that captured a wide range of SBIR firms. The Committee then
evaluated the results and developed both agency-specific and overall findings
and recommendations for improving the effectiveness of the SBIR program at
each agency. This report includes a complete assessment of the operations and
achievements of the SBIR program at DoD and makes recommendations as to
how it might be further improved.

'The current assessment is congruent with the Government Performance and Results Act (GPRA)
of 1993: <http://govinfo.library.unt.edu/npr/library/misc/s20.html>. As characterized by the GAO,
GPRA seeks to shift the focus of government decision making and accountability away from a preoc-
cupation with the activities that are undertaken—such as grants dispensed or inspections made—to a
focus on the results of those activities. See <http://www.gao.gov/new.items/gpra/gpra.htm>.

12The SBIR methodology report is available on the Web. National Research Council, An As-
sessment of the Small Business Innovation Research Program—Project Methodology, Washington,
DC: The National Academies Press, 2004, accessed at <http://books.nap.edu/catalog.php?record
_id=11097#toc>.

13The opening conference on October 24, 2002 examined the program’s diversity and assessment
challenges. For a published report of this conference, see National Research Council, SBIR: Pro-
gram Diversity and Assessment Challenges, Charles W. Wessner, ed., Washington, DC: The National
Academies Press, 2004. The second conference, held on March 28, 2003 was titled, “Identifying Best
Practice.” The conference provided a forum for the SBIR Program Managers from each of the five
agencies in the study’s purview to describe their administrative innovations and best practices.
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1.5 SBIR ASSESSMENT CHALLENGES

Program Diversity and Flexibility

At its outset, the NRC’s SBIR study identified a series of assessment chal-
lenges that must be addressed. As the October 2002 conference made clear, the
administrative flexibility found in the SBIR program makes it difficult to make
cross-agency assessments. Although each agency’s SBIR program shares the
common three-phase structure, the SBIR concept is interpreted uniquely at each
agency. At DoD, the program is spread across the three services and seven agen-
cies involving widely different missions, ranging from missile defense to Navy
submarines to Army support for special forces to the special needs of DARPA.

This flexibility is a positive attribute in that it permits each agency to adapt
its SBIR program to the agency’s particular mission, scale, and working culture.
For example, NSF operates its SBIR program differently than DoD because
“research” is often coupled with procurement of goods and services at DoD but
normally not at NSF. Programmatic diversity means that each agency’s SBIR
activities must be understood in terms of their separate missions and operating
procedures. While commendable in itself, this diversity of objectives, procedures,
mechanisms, and management makes an assessment of the program as a whole
more challenging.

Nonlinearity of Innovation

A second challenge concerns the linear process of commercialization implied
by the design of SBIR’s three phase structure.!* In the linear model, illustrated in
Figure 1-1, innovation begins with basic research supplying a steady stream of
fresh and new ideas. From among these ideas, those that show technical feasibil-
ity become innovations. Such innovations, when further developed by firms, can
become marketable products driving economic growth.

As NSF’s Joseph Bordogna observed at the launch conference, innovation
almost never takes place through a protracted linear progression from research to
development to market. Research and development drives technological innova-
tion, which, in turn, opens up new frontiers in R&D. True innovation, Bordogna
noted, can spur the search for new knowledge and create the context in which the
next generation of research identifies new frontiers. This nonlinearity, illustrated
in Figure 1-2, underscores the challenge of assessing the impact of the SBIR

14This nonlinear perception was underscored by Duncan Moore: “Innovation does not follow a
linear model. It stops and starts.” See the National Research Council, SBIR: Program Diversity and
Assessment Challenges, op. cit.
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Basic Research |->| Applied Research |->| Development |->| Commercialization

FIGURE 1-1 The Linear Model of Innovation.
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FIGURE 1-2 A Feedback Model of Innovation.

Commercialization

program’s individual awards. Inputs do not match up with outputs according to
a simple function.!?

Measurement Challenges

A third assessment challenge relates to the measurement of outputs and
outcomes. Program realities can and often do complicate the task of data gather-
ing. In some cases, for example, SBIR recipients receive a Phase I award from
one agency and a Phase II award from another. In other cases, multiple SBIR
awards may have been used to help a particular technology become sufficiently
mature to reach the market. Also complicating matters is the possibility that for
any particular grantee, an SBIR award may be only one among other federal and

5For a higher level view that pure research and applied research can be considered as independent
variables rather than as the extremes of a linear dichotomy of pure vs. applied research, see Donald
E. Stokes, Pasteur’s Quadrant, Basic Science and Technological Innovation, Washington, DC: Brook-
ings Institution Press, 1997.
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nonfederal sources of funding. Causality can thus be difficult, if not impossible,
to establish.

The task of measuring outcomes is also made harder because companies that
have garnered SBIR awards can also merge, fail, or change their name before
a product reaches the market. In addition, principal investigators or other key
individuals can change firms, carrying their knowledge of an SBIR project with
them. A technology developed using SBIR funds may eventually achieve com-
mercial success individually, at an entirely different company than the one that
received the initial SBIR award.

Gauging Commercial Success

Complications plague even the apparently straightforward task of assessing
commercial success. For example, research enabled by a particular SBIR award
may take on commercial relevance in new unanticipated contexts. At the launch
conference, Duncan Moore, former Associate Director of Technology at the
White House Office of Science and Technology Policy (OSTP), cited the case
of SBIR-funded research in gradient index optics that was initially considered a
commercial failure when an anticipated market for its application did not emerge.
Years later, however, products derived from the research turned out to be a major
commercial success.!® Today’s apparent dead end can sometimes be a lead to
a major achievement tomorrow, while others are, indeed, dead ends. Yet, even
technological dead ends have their value, especially if they can be determined
for the low costs associated with an SBIR award.

Gauging commercialization is also difficult when the product in question is
destined for public procurement. The challenge is to develop a satisfactory mea-
sure of how useful an SBIR-funded innovation has been to an agency mission. A
related challenge is determining how central (or even useful) SBIR awards have
proved to be in developing a particular technology or product. Often, multiple
SBIR awards and other funding sources contribute to the development of a prod-
uct or process for DoD. In some cases, the Phase I award can meet the agency’s
need—completing the research with no further action required. In other cases,
Phase IT awards, supplemental funding, and substantial management and financial
resources are required for “success.”

Measurement challenges are substantial. For example, one way of measur-
ing commercialization success is to count product sales. Another is to focus on
the products developed using SBIR funds that are procured by DoD. In practice,
however, large procurements from major suppliers are typically easier to track
than products from small suppliers such as SBIR firms. In other cases, successful
Phase IT awards are just that—they meet the agency need and no further commer-

1Duncan Moore, “Turning Failure into Success” in National Research Council, SBIR: Program
Diversity and Assessment Challenges, op. cit., p. 94.
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cialization takes place. In other cases, substantial commercialization occurs, and
then ceases as a promising firm or technology is acquired by a defense supplier.

Moreover, successful development of a technology or product does not
always translate into successful “uptake” by the procuring agency. Often, the
absence of procurement may have little to do with the product’s quality or the
potential contribution of SBIR. Small companies, especially new entrants to the
program, entail greater risk for program officers. Perceived uncertainties about
reliability, timeliness of supply, and risks of program delays all militate against
acquisition of successful technologies from new, unproven firms.

Understanding and Anticipating Failure

Understanding failure is equally challenging. By its very nature, an early-
stage program such as SBIR should anticipate a significant failure rate. The
causes of failure are many. The most straightforward, of course, is technical
failure, where the research objectives of the award are not achieved. In some
cases, the project can be a technically successful but a commercial failure. This
can occur when a procuring agency changes its mission objectives and hence its
procurement priorities. NASA’s new Mars Mission is one example of a mission
shift that may result in the cancellation of programs involving SBIR awards to
make room for new agency priorities. Cancelled weapons system programs at the
Department of Defense can have similar effects.

Technologies procured through SBIR may also fail in the transition to ac-
quisition. Some technology developments by small businesses do not survive the
long lead times created by complex testing and certification procedures required
by the Department of Defense. Indeed, small firms encounter considerable dif-
ficulty in surmounting the long lead times, high costs, and complex regulations
that characterize defense acquisition. In addition to complex federal acquisition
procedures, there are strong disincentives, noted above, for high-profile projects
to adopt untried technologies. Technology transfer in commercial markets can
be equally difficult. A failure to transfer to commercial markets can occur even
when a technology is technically successful if the market is smaller than antici-
pated, competing technologies emerge or are more competitive than expected, or
the product is not adequately marketed. Understanding and accepting the varied
sources of project failure in the high-risk, high-reward environment of cutting-
edge R&D is a challenge for analysts and policy makers alike.

Evaluating SBIR: “Compared to What?”

This raises the issue concerning the standard by which SBIR programs
should be evaluated. An assessment of SBIR must take into account the expected
distribution of successes and failures in early-stage finance. As a point of com-
parison, Gail Cassell, Vice President for Scientific Affairs at Eli Lilly, has noted
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that only one in ten innovative products in the biotechnology industry will turn
out to be a commercial success.!” Similarly, venture capital funds often achieve
considerable commercial success on only two or three out of twenty or more
investments.'®

In short, commercial success tends to be concentrated. Yet, commercial suc-
cess is not the only metric of the program. At the Defense Department, SBIR
can and does provide a variety of valuable services and products that do not
achieve widespread commercial success, even if they do have sales or licensing
revenue.

In setting metrics for SBIR projects, therefore, it is important to have a realis-
tic expectation of the success rate for competitive awards to small firms investing
in promising but unproven technologies. Similarly, it is important to have some
understanding of what can be reasonably expected—that is, what constitutes
“success” for an SBIR award, and some understanding of the constraints and op-
portunities successful SBIR awardees face in bringing new products to market.
This is especially relevant in the case of a constrained, regulation-driven market
such as the defense procurement market. From the management perspective, the
rate of success also raises the question of appropriate expectations and desired
levels of risk taking. A portfolio that always succeeds would not be pushing the
technology envelope. A very high rate of “success” would, thus, paradoxically
suggest an inappropriate use of the program. Even when technical success is
achieved, as noted above, it does not automatically transfer into commercial suc-
cess for a variety of reasons related to the defense mission and to procurement
procedures. Understanding the nature of success and the appropriate benchmarks
for a program with this focus is therefore important to understanding the SBIR
program and the approach of this study.

17Gail Cassell, “Setting Realistic Expectations for Success,” in National Research Council, SBIR:
Program Diversity and Assessment Challenges, op. cit., p. 86.

I8SBIR awards often occur earlier in the technology development cycle than where venture funds
normally invest. Nonetheless, returns on venture funding tend to show the same high skew that
characterizes commercial returns on the SBIR awards. See John H. Cochrane, “The Risk and Return
of Venture Capital,” Journal of Financial Economics 75(1):3-52, 2005. Drawing on the VentureOne
database Cochrane plots a histogram of net venture capital returns on investments that “shows an
extraordinary skewness of returns. Most returns are modest, but there is a long right tail of extraordi-
nary good returns. Fifteen percent of the firms that go public or are acquired give a return greater than
1,000 percent! It is also interesting how many modest returns there are. About 15 percent of returns
are less than 0, and 35 percent are less than 100 percent. An IPO or acquisition is not a guarantee of
a huge return. In fact, the modal or “most probable” outcome is about a 25 percent return.” See also
Paul A. Gompers and Josh Lerner, “Risk and Reward in Private Equity Investments: The Challenge
of Performance Assessment,” Journal of Private Equity 1(Winter 1977):5-12. Steven D. Carden and
Olive Darragh, “A Halo for Angel Investors,” The McKinsey Quarterly 1, 2004 also show a similar
skew in the distribution of returns for venture capital portfolios.
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1.6 SBIR ASSESSMENT RESULTS

Drawing on interviews, multiple survey instruments and case studies, and
overcoming many of the research challenges identified above, the NRC Commit-
tee has developed a number of findings and practical recommendations for im-
proving the effectiveness of the SBIR program at the Department of Defense.

The Committee found that the SBIR program at DoD is, in general, meeting
the legislative and mission-related objectives of the program. The program is
contributing directly to enhanced capabilities for the Department of Defense and
the needs of those charged with defending the country.

Further, the Committee found that the DoD program also provides substan-
tial benefits for small business participants in terms of market access, funding,
and recognition. The program supports a diverse array of small businesses con-
tributing to the vitality of the defense industrial base while providing greater
competition and new options and opportunities for DoD managers. In addition,
the Committee noted that the DoD SBIR program is generating significant intel-
lectual capital, contributing to new scientific and technological knowledge, and
generating numerous publications and patents.

The Committee’s recommended improvements to the program have been
designed to enable the DoD SBIR managers to address the program’s congressio-
nal goals more efficiently and effectively. These include further work to improve
the Phase III transition by (among other approaches) changing incentives faced
by program managers so that they are motivated to make better use of the SBIR
program. The Committee also recommends that additional funding should be
provided for program management and assessment in order to encourage and sup-
port the development of an innovative and results-oriented SBIR program. The
Committee’s complete findings and recommendations are listed in Chapter 2.

Chapter 3 provides a comprehensive overview of the distribution of SBIR
awards by DoD, providing a basis (as drawn out in Chapter 4) for understanding
program outcomes. Chapter 5 describes the Phase III challenge of commercial-
ization at DoD. Chapter 6 describes the diversity of management structures as
well as current practices and recent reforms found among the different services
and agencies that fund SBIR programs at DoD. Together, this report provides
the most detailed and comprehensive picture to date of the SBIR program at the
Department of Defense.
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NRC STUDY FINDINGS

The SBIR program at the Department of Defense is meeting the legislative and
mission-related objectives of the program. The program is contributing directly
to enhanced capabilities for the Department of Defense and the needs of those
charged with defending the country.

A. A substantial percentage of SBIR projects at DoD commercialize.!

1. The NRC Phase II Survey, which was sent to all firms with Phase I1
awards from 1992 to 2002, provides evidence of substantial, if highly
skewed, commercialization.?

o Nearly half (46 percent) of respondents indicated that the surveyed
SBIR project had reached the marketplace (i.e., they reported more
than $0 in sales and licensing revenues from the project by May 2003,
which is the closing date of the survey).?

TAll data in this section are drawn from the NRC Phase II Survey, unless otherwise stated. Com-
mercialization refers here to the extent to which projects generate outcomes that have market value.
Commercialization in the context of DoD also refers to the take-up of projects within DoD, often
(but not always) in the context of Phase III funding from non-SBIR resources. This aspect of com-
mercialization is taken up in Section 4.3.

2See Appendix B for a detailed description of the survey, response rate, and related issues. For
DoD, the response rate was 42 percent of the awards contacted. See also National Research Council,
Assessment of the Small Business Innovation Research Program—Project Methodology, Washington,
DC: The National Academies Press, 2004, accessed at <http://books.nap.edu/catalog.php ?record_
id=11097#toc>.

3See Figure 4-1 (NRC Phase II Survey, Question 1 and Question 4).
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o Of the 420 projects reporting some sales, just under 1 percent reported
sales greater than $50 million, another 9.2 percent of projects reporting
some commercialization, indicated sales between $5 million and $50
million.*

o In addition, 17.6 percent of respondents reported sales by licensees of
their technology, with three reporting licensee sales of greater than $50
million.>¢

o For projects that have received sales, survey responses indicate that
87.6 percent of first sales occurred within 4 years of the Phase II award
date.” Interviews and cases, however, support the view that the bulk
of sales will be realized in the longer run—that is, beyond the date of
first sale.

o These figures, while positive, necessarily reflect the concentration
and skewed outcomes often associated with early-stage funding and
the special challenge of the procurement process. The figures also
understate, perhaps substantially, the amount of commercialization
ultimately to be generated from the funded projects. It is important to
recognize that these data constitute only a snapshot of sales and licens-
ing revenues, as of May 2005. Projects completed in more recent years
will continue to generate revenues well into the future. Consequently,
the data aggregated for the May 2005 snapshot necessarily under-
reports the eventual return from the SBIR Phase II awards that were
made during the latter part of the study period (1992-2002).8

“See Figure 4-2 (NRC Phase II Survey, Question 4).

This type of “skew”—in which a majority of projects fail or are minimally successfully while a
small proportion generates large revenues—is typical of early-stage finance and has been noted in
previous Academy research. See National Research Council, The Small Business Innovation Research
Program: An Assessment of the Department of Defense Fast Track Initiative, Charles W. Wessner, ed.,
Washington, DC: National Academy Press, 2000. See also Joshua Lerner, “Public Venture Capital:
Rationales and Evaluation,” in National Research Council, The Small Business Innovation Research
Program: Challenges and Opportunities, Charles W. Wessner, ed., Washington, DC: National Acad-
emy Press, 1999.

ONRC Phase II Survey, Question 4.

Ibid.

8The total eventual return from these awards is estimated to be approximately 50 percent higher than
the data captured at the time of the survey. (For an explanation of the methodology underlying this
analysis, see Chapter 4.) This suggests that the actual sales and licensing revenues that will in the end
be generated by projects funded during the study period, on average, are approximately $2.2 million,
and about $5.6 million for each project that did report some sales or licensing revenues. For DoD as
a whole, the SBIR Program Manger Michael Caccuitto, reports that the amount of commercialization
generated from SBIR projects now leads the total amount spent on SBIR, with about a 4-year lag
from the year of Phase II award. See National Research Council, SBIR and the Phase III Challenge of
Commercialization, Charles W. Wessner, ed., Washington, DC: The National Academies Press, 2007.
This corresponds with the findings of the 1992 GAO report’s assessment of commercialization, which
found that not enough time had elapsed since the program’s inception for projects to mature. See U.S.
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2. Success in attracting further research funding for ongoing develop-
ment offers evidence indicating that a project is on the path to com-
mercialization, even if no sales have yet been made.

o Over one-quarter of projects that received additional funding reported
the acquisition of additional funds from other federal sources and 13.2
percent reported funding from other companies.® This suggests signifi-
cant interest in these projects—not least from DoD, and possibly also
among the prime contractors (a likely source of funding from “other
companies”).

o Venture capital is not widely available to companies primarily focused
on the Defense market. Hurdles associated with regulations in federal
acquisition, and the limited size of many defense markets tends to
limit venture funds’ interest in the DoD market. Only 30 projects—3.8
percent of respondents with some additional funding—reported receiv-
ing venture capital,'? although the average VC investment that was
received is much higher than the average investment received in each
other category, at more than $5 million per project.!!

3. Additional SBIR awards are a further signal of commercial
potential.

o Given that SBIR is a highly competitive program, the acquisition of
related SBIR awards also suggests that a project is moving along the
development path toward commercialization, not least because com-
mercialization potential has become a significant component in the
decision to make an SBIR award. 43.5 percent of respondents indicated
that they had received at least one additional related SBIR award. '

B. SBIR is in broad alignment with the needs of the DoD agencies and
components.

1. DoD’s SBIR program has contributed to significant enhancements of
its mission capabilities.

o A central mission of the DoD SBIR program is to use the inventiveness
of small companies to solve DoD’s technical problems, and to develop
new technologies that can be applied to the weapons and logistics
systems that are eventually used by the Armed Forces.!?

General Accounting Office, Small Business Innovation Research Program Shows Success But Can Be
Strengthened, RCED-92-32, Washington, DC: U.S. General Accounting Office, 1992.

Derived from NRC Phase I Survey, Question 23. See also Table App-A-37.

101bid.

IINRC Phase II Survey, Question 23. See also Table App-A-37. Similar to sales, the amount of
venture funding is skewed with only eight projects reporting $5 million or more in venture funding.

12See Table 4-12.

BInterviews with SBIR program managers.
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BOX 2-1
ArmorWorks, Inc.—Body Armor in Iraq

Technologies developed from SBIR-funded research efforts were used in the
design of Small Arms Protective Inserts (SAPI) Body Armor Plates used in the
Interceptor Vest currently being worn by U.S. service men and women in the
Middle East. ArmorWorks has been awarded more than $50 million in contracts
from the Army and Marines to produce SAPI plates for body armor, making them
a leading producer for the U.S. military. To date, some 350,000 SAPI plates have
been produced for the Department of Defense.

ArmorWorks also manufactures vehicle armor. The company’s SBIR research
contributed to the design of HMMWYV and add-on armor kits for trucks currently in
use in the Middle East. The vehicles armor produced by ArmorWorks has a num-
ber of valuable features for the battlefield, including easy installation (requires no
vehicle modification or special tools) and field configurability (contains simplified
installation to allow for reconfiguration for specific missions). ArmorWorks recently
received another $30 million contract from the U.S. Defense Logistics Agency to
produce and deliver Kevlar inserts to protect U.S. troops in Iraq and Afghanistan
against small arms fire.

SOURCE: DoD SBIR Success Stories, <http://www.dodsbir.net/SuccessStories/armorworks.
htm>.

o Improved mission capabilities in the context of DoD relate to main-
taining technological dominance in battle space conditions, increased
responsiveness to new, unexpected situations, such as responding to
improvised explosive devices (IEDs), and reductions in the cost of
operations and support systems.

o DoD SBIR program managers also speak favorably about the cre-
ativity of the small- and medium-sized firms that comprise the SBIR
community.'4

2. DoD appears to be making a concerted effort to ensure that SBIR proj-
ects are aligned with the needs of the weapons system managers. !>

o The topic development process has since 1999 incorporated important
elements specifically designed to align acquisitions needs and SBIR
topics. !0

14The agency’s Technical Point of Contacts (TPOCs) were surveyed by the NRC. See NRC Project
Manager Survey in National Research Council, An Assessment of the SBIR Program at the National
Aeronautics and Space Administration, Charles W. Wessner, ed., Washington, DC: The National
Academies Press, 2009.

I5A number of initiatives in this direction are described in Chapter 5: The Phase III Challenge.

16See Section 6.2.
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FIGURE 2-1 Reported Phase III contract awards value 1999-2005.
SOURCE: John Williams, Navy, April 7, 2005.

o According to DoD managers, 60 percent of topics published in the
SBIR solicitation are now sponsored or otherwise supported by acqui-
sition agencies.!’

o Based on DoD data, identified Phase III contracts!® now total more
than $450 million'® annually, and have been growing rapidly in recent
years.

3. SBIR offers an unusual degree of execution year flexibility and a short

7The Navy finds that 80 percent of its topics are acquisition linked. Comments by Dr. Holland and
Mr. Caccuitto at the NRC Phase III Symposium, June 2005. See National Research Council, SBIR
and the Phase III Challenge of Commercialization, op. cit.

18Many Phase III contracts are not captured effectively by the DD350 reporting system, which
undercounts the number and size of Phase III contracts awarded, to a varied degree at different DoD
components. See Chapter 5. In addition, commercialization occurring intraindustry, at a subcontract
level, or in the commercial marketplace (and then perhaps finding its way to DoD) is not measured
by this data source. The DD350 has been replaced by the Federal Procurement Data System—Next
Generation (FPDS-NG) as the system tracking, and thus characterizing, all prime contract actions.
This system is now standard for the federal government, with a small number of exceptions.

198450 million is based on the DD 350: however, the 2005 DoD Annual SBIR Report to SBA lists
by contract $565 million in known Phase III contracts and that listing is considered to be incomplete.
It includes only contracts known to the SBIR program managers. It should be kept in mind that these
contracts are for direct sales to DoD or direct further DoD R&D funding. Sales and further R&D
from DoD primes are not included. The NRC Phase II Survey and the DoD Commercialization data
indicate the DoD sales and funding are actually less than half of the total commercialization from
DoD SBIR.

Copyright © National Academy of Sciences. All rights reserved.




sessment of the Small Business Innovation Research Program at the Department of Defense
'www.nap.edu/catalog/11963.html

28

SBIR AT THE DEPARTMENT OF DEFENSE

planning horizon, permitting the program to rapidly address urgent
mission needs.

[¢]

SBIR-supported innovations have contributed to enhanced U.S. com-
bat capabilities, and provided technological solutions to meet sudden,
unexpected challenges to our military. Indeed, the high degree of flex-
ibility characteristic of small firms means that SBIR has provided DoD
with an increased number of suppliers capable of quickly responding
on short notice to unexpected battlefield situations.?°

For example, the Navy has taken advantage of this flexibility to is-
sue a “quick response IED topic” in 2004, and made 38 Phase I
awards within 5 months of topic development. These developed into 18
Phase II awards, and results from these will be available in 2006-2007.
The first prototypes were expected in Iraq in the Fall of 2006.

By contrast, most RTD&E accounts require considerable forward
planning.

. SBIR increases the number of potential suppliers for new technolo-

gies, and also creates new opportunities for these firms to partner
together in new undertakings.

[¢]

Used effectively, SBIR can act as a low-risk, low-cost technology
probe and a search tool for finding new technology suppliers. It has
helped DoD personnel learn about new technologies, new applications,
and a new set of high-tech firms with whom they would not otherwise
have contact.?!

The laws governing the SBIR program permit the use of sole source
procedures when federal agencies acquire technologies developed with
SBIR funding. This allows substantially faster acquisition than through
standard channels and acts as a powerful incentive for SBIR firms and
their partners.

. The quality of SBIR-funded research is broadly comparable to that

of other non-SBIR research according to the NRC Project Manager
Survey.

208ee, for example, the case of ArmorWorks, Inc., in Box 2-1.

2IFirms express this outcome as follows: Had it not been for SBIR, their business with DoD ser-
vices or agencies would not have developed. Services likely would have stayed with their pre-existing
sources of supply. Program managers are normally too busy administering multiple contracts to search
out or respond attentively to new sources of technology. Their propensity is to hire a contractor to
solve problems rather than seek out the most technologically innovative performer. The SBIR program
requires that program managers become involved with small firms, to look at technical options, and
to allow for increased competition in the selection of R&D performers.
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[¢]

In the NRC Project Manager Survey, 53 percent of Technical Points of
Contact (TPOC) respondents indicated that the specific SBIR project
identified in the survey produced results that were useful to them and
that they had followed up on this work with other research. SBIR proj-
ects are normally part of a wider portfolio of research responsibilities
handled by TPOCs.??

The NRC Project Manager Survey also indicated that the quality of
SBIR funded research is comparable to non-SBIR research they man-
age. Normalized survey scores indicate that the quality of SBIR re-
search is equivalent to that of other research at DoD.?3

6. The Department has devoted considerable recent effort to strengthen
the critical connection between SBIR and the acquisition programs
through Phase III. While this focus is to be commended, the Phase I1I
process can be considerably widened and improved.

[¢]

A striking aspect of SBIR Phase III at DoD is the extraordinarily
uneven character of outcomes and activities between services, and
between components within services.

Notably, Phase III transitions at PEO SUBS account for approximately
86 percent of all Navy Phase III contracts, and Navy in turn accounts
for about 70 percent of all DoD Phase III contracts, as captured by the
DD350 forms completed by contracting officers.?*

This skew partly results from the additional effort made by Navy to
ensure that DD350 forms are completed and accurately reflect SBIR
contributions, which in turn reflects different views of the impor-
tance of supporting SBIR, as evidenced by the amount of resources,
staff, and funding that services and components allocate for program
support.

At some components, such as Navy, senior management recognizes the
potential value of SBIR and has supported extensive efforts to build
effective bridges between SBIR and the acquisition programs. At other
components, efforts have been less well supported, and on the basis

22See the related discussion in Section 4.3.1.2.

2The scores were normalized scores by removing the outliers in the top and bottom 5 percent of
scores. Statistical procedures often assume that the variables are normally distributed. A significant
violation of the assumption of normality can seriously increase the chances of a Type I (overestima-
tion) or Type II (underestimation) error. Nonnormality can occur in the presence of outliers (scores
that are extreme relative to the rest of the sample). Removing the outliers can improve the normality
of the distribution. See C. M. Judd and G. H. McClelland, Data Analysis: A Model-Comparison Ap-
proach. San Diego, CA: Harcourt Brace Jovanovich, 1989.

24See the discussion in Section 5.2, including Figure 5-1.
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of the data presented in Chapter 5, they appear to be considerably less
effective.

7. There is no effective and comprehensive tracking system within DoD
to follow SBIR-funded technologies to their final outcome.

o The Company Commercialization Report is self-reported data, and
must be updated only when a company applies for a new DoD SBIR.

o The agency’s DD350 reporting system may substantially undercount
Phase III awards, as contracting officers must be specifically trained
to capture this data correctly.?

o The lack of a reliable and effective tracking system for SBIR awards
that would identify follow-on funding sets back efforts to assess the
impact of the program and to document its successes.

C. SBIR awards made by DoD support small businesses in a number of
important ways.

1. SBIR awards have had a substantial impact on participating
companies.

o Company Creation. Just over 25 percent of companies responding
to the NRC Firm Survey indicated that they were founded entirely or
partly because of a prospective SBIR award.2¢

o The Decision to Initiate Research. Only 13 percent of DoD project
respondents thought that their project would “definitely” or “probably”
have gone ahead without SBIR funding. Over two-thirds (about 70 per-
cent) thought they definitely or probably would not have initiated the
research; most of those who anticipated that their project would have
gone ahead without the award acknowledged the likelihood of substan-
tial delays without the award.?’

o Company Growth. Almost half (48 percent) of the respondents in-

2There are multiple limitations to current systems for tracking SBIR awards. The DD350 report-
ing system can be used to extract some SBIR data; however, the system was not designed to gather
SBIR award data, and is used differently by the services and agencies. For example the Navy reports
Phase II Enhancements as Phase III, while the other services report such awards as Phase II. The
Phase I and Phase II data in the DD350 does not match the SBIR budget or DoD Annual Report to
SBA. The Annual Report to SBA, prepared by the DoD SBIR program managers, accounts for the
budgeted SBIR funding. The SBIR program managers also have less knowledge of the Phase III
awards, since these are made with funds that are not under control of the SBIR program.

26See Table 4-15 (NRC Firm Survey, Question 1). Data reported in Table 4-15 are for firms with at
least one DoD award. NRC Firm Survey results reported in Appendix B are for all agencies (DoD,
NIH, NSF, DoE, and NASA).

?7See Figure 4-10 (NRC Phase II Survey, Question 13).
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FIGURE 2-2 New winners at DoD.
SOURCE: NRC Phase II Survey.

dicated that more than half the growth experienced by their firm was
directly attributable to SBIR.?

Partnering. SBIR funding is often used by small firms to gain access
to outside resources, especially academic consultants and, often, to
seek company partners.

2. SBIR Awards Attract Participation by New Firms.

(o)

FY2005 data from DoD show that 29 percent of Phase I awards went
to firms that had not previously won a DoD Phase II SBIR award.

DoD data indicate that a further 50 percent of awards went to compa-
nies with five or fewer previous Phase II awards. Only 13 percent of
awards went to companies with at least six Phase II awards.?’

Data from the Naval Air Systems Command (NAVAIR) show that
about half of all its Phase I contracts go to companies that have never
won an SBIR award from NAVAIR before. In addition, about 40—
45 percent of Phase II contracts go to newly participating firms.3"

D. Multiple SBIR awards serve multiple objectives for firms and agencies. A
small number of companies receive multiple awards. A few companies have

28See Table 4-16.

2Michael Caccuitto and Carol van Wyk, “Enhancing the Impact of Small Business Innovation Re-
search (SBIR) Program: The Commercialization Pilot Program,” Presentation, September 27, 2006.

30See Section 3.2.2.
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received more than 100 awards at DoD (over 20 years), and are higher in
commercialization (on average).3!

1. The myth of the linear innovation model:

o The program has often encountered criticism with regard to firms—
sometimes labeled SBIR “mills”—that are described as winning large
numbers of awards but that achieve lower levels of commercialization
than firms with significantly fewer awards.3? Implicit in this view of
multiple-award winners is the simple linear model of the program. In
reality, multiple awards serve a variety of functions, as noted below.

2. Role of multiple awards. More than one award is often required to de-
velop a technology or firm capability, quite apart from the commercializa-
tion of a complete product. These needs reflect the complex and differing
characteristics of firms.

o Diversity of firm objectives. Reflecting the diversity of the program’s
objectives and of the participants, some firms approach the SBIR award
process at different stages of development and with different objec-
tives. Some firms are developing technology concepts; some firms see
their vocation as contract research organizations; others actively seek
to develop commercial products, either for public agencies or for the
marketplace.?3

o Diversity in firm strategy. For example, investigator-led firms, lim-
ited in size and focused on a single concept may seek multiple awards
as they advance research on a promising technology.?* For firms that

311t is important to keep in mind the difficulties in tracking companies over time. Companies regu-
larly change names, locations, even employer identification numbers, which makes tracking them
across time within the DoD awards database difficult.

32See the 1992 GAO report, U.S. General Accounting Office, Small Business Innovation Research
Program Shows Success But Can Be Strengthened, RCED-92-32, op. cit. That report focused on
firms that had received twenty or more awards and on a single program metric, that is, commercial-
ization. Congressional legislation later fixed fifteen awards in a five-year period as the level where
efforts to commercialize should be taken into account.

33See Reid Cramer, “Patterns of Firm Participation in the Small Business Innovation Research Pro-
gram in the Southwestern and Mountain States,” in National Research Council, The Small Business
Innovation Research Program: An Assessment of the Department of Defense Fast Track Initiative,
op. cit., p. 151. The author describes the incremental nature of technical advance, which sometimes
necessitates several awards. See also John T. Scott, “An Assessment of the Small Business Innovation
Research Program in New England: Fast Track Compared with Non-Fast Track,” in National Re-
search Council, The Small Business Innovation Research Program: An Assessment of the Department
of Defense Fast Track Initiative, op. cit., p. 109 for a discussion of Foster-Miller, Inc.

34Ibid. The mirror image of this approach is the program manager who makes several awards for
similar technologies among different companies. In fact, it is not uncommon to have multiple award-
ees on the same Phase I topic. For an example, see the Navy’s SBIR Web site selections page for
their FY-06.1 awardees at <http://www.navysbir.com/06_1selections.html>. This page not only shows
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carry out research as a core activity, success is often measured in mul-
tiple contract awards.

3. Addressing agency missions. Some firms, mainly at DoD, have won
large numbers of awards over the life of the program. Yet, even with
many awards, there is nothing intrinsically wrong with a process that
makes high-quality research available to the department at relatively low
cost. Some of this research is intrinsically noncommercial, but may have
considerable value.®

o Identifying dead ends. Inexpensive exploration of new technological
approaches can be valuable, particularly if they limit expenditure on
technological dead ends. For research oriented firms, the key issue is
the quality of the research and its alignment with service and agency
needs.3® Each of the seven most frequent winners, who have received
over 100 Phase II awards since the program inception, has a large num-
ber of researchers who submit proposals. The high number of quality
proposals can produce a high number of awards. Some successful ap-
plicants use spin-off firms to commercialize the results of their SBIR
awards.

o Providing solutions. In some cases, firms respond to an agency solici-
tation and “solve” the problem, provide the needed data, or propose a
solution that can then be adopted by the agency with no further “com-
mercialization” revenues for the firm.3’

several awardees for each topic, but if you click on the “Details” link, you can see the differences in
companies’ approaches to the topics.

35To secure additional awards, a small company has to submit its proposal for follow-on research
through the regular review process. These awards are relatively small in amount—the normal Phase I
and Phase II awards would total $850,000. As a point of comparison, the top three U.S. prime contrac-
tors in 2007 garnered over $20.5 billion in defense revenues. See Washington Technology, “Top 100
Federal Prime Contractors: 2004,” May 14, 2007.

36For example, Foster-Miller, the most frequent SBIR award winner, provided armor for Humvees
and aircraft and developed robots for use in Iraq to identify roadside improvised explosive devices.
(This company has since been acquired, making it ineligible to participate in SBIR. See Financial
Times, “Qinetiq set to make its first US acquisition,” September 8, 2004.) Their LAST® Armor has
had sales in excess of $170 million.

¥ There are cases where a small business successfully completes the requirements and objectives
of a Phase II contract, meeting the needs of the customer (e.g., by delivering specialized software
or hardware), without gaining additional commercialization revenues. For example, Aptima, Inc.,
designed an instructional system to improve boat-handling safety by teaching the use of strategies
that mitigate shock during challenging wave conditions. A secondary goal was to demonstrate how an
innovative learning environment could establish robust skill levels while compressing learning time.
Phase I of the project developed a training module, and in Phase II, instructional material, including
computer animation, videos, images, and interviews were developed. The concept and the supporting
materials were adopted as part of the introductory courses for Special Operations helmsmen with the
goal of reducing injuries and increasing mission effectiveness.
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o Developing technologies. Those firms that seek to develop commer-
cial products may, in an initial phase, seek multiple awards to rapidly
develop a technology. For the high-growth firms, this period is limited
in time, before private investment becomes the principal source of
funding.’?

o Flexibility and speed. Some multiple-award winners have provided
the highly efficient and flexible capabilities needed to solve press-
ing problems rapidly. For example, Foster-Miller, Inc., responded to
needs of U.S. forces in Iraq by developing and the manufacturing add-
on armor for Humvees that provide added protection from insurgent
attacks.?”

4. There is evidence that companies winning multiple awards commer-
cialize their projects at least as effectively as firms with fewer awards.
The capacities built up through multiple awards can also enable them
to meet agency needs in a timely fashion.

o Commercialization success. Aggregate data from the DoD commer-
cialization database indicates that the companies winning the most
awards generate more commercialization per award than those winning
few awards.*® The 27 firms with more than 50 total Phase II awards
account for 16.4 percent of all awards as reported through the CCR da-
tabase, and for 30 percent of all reported commercialization.*! Among
these, firms with 50-75 Phase II awards were the most successful.

o  Meeting agency needs. Case studies show that some companies that
have substantial numbers of awards have successfully commercialized
products and have also met the needs of sponsoring agencies in other

42
ways.

3For a discussion of Martek as an example, see Maryann P. Feldman, “Role of the Department of
Defense in Building Biotech Expertise,” in National Research Council, The Small Business Innova-
tion Research Program: An Assessment of the Department of Defense Fast Track Initiative, op. cit.,
pp. 266-268. See also Reid Cramer, “Patterns of Firm Participation in the Small Business Innovation
Research Program in the Southwestern and Mountain States,” in National Research Council, The
Small Business Innovation Research Program: An Assessment of the Department of Defense Fast
Track Initiative, op. cit., pp. 146-147, who discusses several firms that realized commercial success
after several awards.

39Foster-Miller’s LAST® Armor, which uses Velcro-backed tiles to protect transport vehicles, heli-
copters and fixed wing aircraft from enemy fire, was developed on two Phase I SBIRs and a DARPA
Broad Agency Announcement. The technology has helped improve the safety of combat soldiers
and fliers in Bosnia and Operation Desert Storm. Access at <http.//www.dodsbir.net/SuccessStories/
fostermiller.htm>.

40See Table 3-5.

4ICCR table provided by the database contractor, BRTRC, December 18, 2006.

42See, for example, the case studies of Creare and Foster-Miller. The latter responded to needs
in Iraq by providing add-on ceramic armor for HMMWVs. As noted above, contract research can
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o Graduation. Some multiple-award winners eventually “graduate”
from the program, either by exceeding the 500-employee limit to
qualify as a small firm or by being acquired by another firm. Success-
ful firms such as Digital Systems Resources and Martek have provided
valuable products, shown commercial success, and also received nu-
merous awards.*3

o Shifting revenues. Some firms with multiple awards show a declin-
ing percentage of revenues over time. Radiation Monitoring Devices,
for example, testified that it currently generates only about 16 percent
of company revenues from SBIR.* In general, the larger the firm, the
lower the percentage of revenues reported from SBIR awards.

o Company creation. Some multiple winners—Ilike Optical Sciences,
Creare, and Luna Innovations—frequently spin off companies. Creat-
ing new firms is a valuable contribution of the SBIR program espe-
cially with regard to the defense industrial base. Newly created firms
create new opportunities for defense contractors, greater competition,
and permit more rapid development of new defense solutions.

E. While the DoD SBIR program supports woman- and minority-owned
businesses, the steady decline in the share of Phase I awards to minority-
owned businesses (falling to below 10 percent in 2004 and 2005) is a mat-
ter for concern and further review.*

1. A caveat on measurement. A stated objective of the SBIR program is
to expand opportunities for women and minorities in federal S&T. One
way to measure program performance in this area is to review the share
of awards being made to woman- and minority-owned firms. In doing
so, we must keep in mind the overall percentage of the population is a
less relevant benchmark than are the number of science, technology, and
engineering graduates, the demographics of high-tech firm ownership, as

be valuable even in the absence of commercialization. Agency staff report that SBIR fills multiple
needs, many of which do not show up in sales data. For example, efficient probes of a technology’s
potential, conducted in a relatively short time frame within a limited budget may save substantial
time and resources. A key question to ask with regard to this and other aspects of the program is
“compared to what?”—that is, what realistically are the probably alternative modes of exploration
open to program managers?

SVIASAT, Inc., garnered 24 Phase II awards in growing from a three-person start-up in 1986 to
over 500 employees in 2001 (thus ineligible for SBIR). It has grown to over $350 million in annual
revenue, mostly in sales to DoD and DoD prime contractors. Products include some of the most criti-
cal communications systems in DoD.

“Michael Squillante, Vice President, Radiation Monitoring Devices, private communication, June
2004.

4The absolute number of DoD Phase I awards to minorities has grown by 12 percent since 1995,
while the overall number of DoD Phase I awards grew by 57 percent.
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well as other variables such as the greater difficulty faced by these groups
in accessing capital from other sources.

2. Overall results meet congressional objectives. Overall, the DoD SBIR
program awards about 20 percent of Phase I awards to either woman- or
minority-owned firms.*¢ (See Figure 2-3.)

3. Awards to woman-owned firms continue to increase. Figure 2-3 shows
two divergent trends. Phase I awards to woman-owned firms continue to
increase, increasing even as a percentage of the rising number of overall
awards. However, the share awarded to minority-owned firms declined
quite substantially since the mid-1990s, and fell below 10 percent for the
first time in 2004 and 2005.

4. Decline in award shares for minority-owned firms. Data on Phase II
awards suggest that the decline in Phase I award shares for minority-
owned firms has been reflected in Phase II. It is an open question whether
the increase in awards to minority-owned firms in 2005 is the start of a
reversal of this trend (see Figure 2-4).

5. No apparent bias for or against woman- and minority-owned firms
in Phase II awards. These data also indicate that both woman- and
minority-owned firms are converting Phase I awards into Phase II at a
rate very close to that of all award winners. This suggests that these firms
are being invited to compete for Phase II awards at about the same rate as
other firms, and that as a result there is no discernable bias for or against
woman- and minority-owned firms in the selection of Phase II awards.

F. The SBIR program at DoD generates considerable new technical knowl-
edge, and is helping to expand the nation’s science and technology
base.

1. A key element in award selection is the technical merit and innova-
tive character of the proposal. This criterion is applied to ensure that
projects that do receive awards have the potential to generate new
knowledge.

o In general, the SBIR program at DoD is highly competitive; since
1992 about 15 percent of Phase I proposals have been funded. Ap-
proximately half of Phase I winners receive Phase II contracts.

2. The DoD SBIR program contributes new scientific and technological
knowledge in several forms.

o These include intellectual property rights secured by the inventing
firm. Intellectual property rights create publication and licensing op-

4Award figures were provided by DoD.
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FIGURE 2-3 Phase I awards to woman- and minority-owned firms.
SOURCE: DoD awards database.
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FIGURE 2-4 Phase II awards to woman- and minority-owned firms.
SOURCE: DoD awards database.
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portunities. Publications in the scientific and technical literatures and
presentations at professional and technical meetings help the knowl-
edge created by intellectual property rights to spill over into the public
domain.

SBIR companies have generated numerous patents and publica-
tions, the traditional measures of knowledge activity. 34.4 percent
of DoD projects surveyed by NRC generated at least one patent ap-
plication, and just over 25 percent had received a patent.*’ (There is
typically a 2—4 year lag between patent application and patent award
or declination for recent patents.)

Patents. For many firms, patents are an essential means of establish-
ing intellectual property rights. This is especially important for firms
planning to sell or license their technology for use in larger weapons
and logistics systems where the immediate purchaser of their innova-
tion will be a far larger defense contractor.

Trade secrets. Other successful DoD awardees, however, see patents
as less important. Some firms prefer to use trade secrets, saving the
costs of filing and defending the patent. Some firms also see little
economic profit from a patent if target market is primarily the federal
government, which under SBIR has the right to its use royalty free.
Thus a focus on patent data alone will understate the intellectual prop-
erty generated through the DoD SBIR program.

Published articles. Forty-two percent of respondents had published at
least one peer-reviewed article based on the SBIR project surveyed by
the NRC, and 3.9 percent had generated more than five articles.*8*’

. SBIR supports the transfer of technology from the university into the

marketplace.

[¢]

Responses to the NRC Phase II and Firm Surveys suggest that SBIR
awards are supporting the transfer of knowledge, firm creation, and
partnerships between universities and the private sector:

In more than 66 percent of responding companies (at all agencies), at
least one founder was previously an academic®’;

4TSee Table 4-18.

“8Without detailed identifying data on these patents and publications, it was not possible to apply
bibliometric and patent analysis techniques to assess their relative importance.

4NRC Phase II Survey, Question 18.

SONRC Firm Survey, Question 2.
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About 36 percent of founders (at all agencies) were most recently
employed as academics before the creation of their company.>!

At DoD, 13.6 percent of reporting projects had university faculty as
subcontractors or consultants on the project, at 12.5 percent a univer-
sity was itself a subcontractor, at 9.2 percent university facilities were
used, and at 11.4 percent graduate students worked on the project.”?

4. There is anecdotal evidence concerning beneficial “indirect path” ef-
fects of SBIR.

[¢]

These indirect effects refer to the existence of projects that provide
investigators and research staff with knowledge that may later become
relevant in a different context—often in another project or even another
company. While these effects are not easily measurable, comments
made during interviews and case studies suggest they exist.>?

G. DoD has taken steps to improve program performance, with some signifi-
cant successes.”* However, implementation of these best practices across
the services and agencies is uneven.

1. Improved information flows.

[¢]

DoD has a very extensive SBIR/STTR Web site, with exceptional sup-
port for potential SBIR applicants.

The Pre-Release Program provides detailed guidance on specific
topics.

The Help Desk Program removes a significant burden from military staff
and provides better service using professional civilian contractors.

2. Efforts to address funding gaps and timeline issues.

[¢]

DoD and its components have made a number of efforts to address
the gaps between topic conceptualization and Phase I funding, Phase |
and Phase II, and the “TRL Gap” that often emerges after Phase II,
before acquisitions programs can accept a technology as ready for
acquisition.

3. Acquisition alignment and Phase III. DoD is increasingly aware that

51See NRC Firm Survey, Question 3.

32See Table 4-19. (NRC Phase II Survey, Question 32).

33For a discussion of the indirect path for awards made under the Advanced Technology Program,
see Rosalie Ruegg, “Taking a Step Back: An Early Results Overview of Fifty ATP Awards,” in
National Research Council, The Advanced Technology Program: Assessing Outcomes, Charles W.
Wessner, ed., Washington, DC: National Academy Press, 2001.

34The agency has a long history of initiatives, dating back to the 1995 PAT report. These initiatives
are described in more detail in Chapters 5 and 6.
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BOX 2-2
Best Practices for SBIR

A major strength of the SBIR program is its flexible adaptation to the diverse objec-
tives, operations, and management practices at the different agencies. In some cases,
however, there are examples of best practice that should be examined for possible
adoption by other agencies. Examples of these best practices include:

DoD. The Pre-release period. DoD announces the contents of its upcoming solicita-
tions some time before the official start date of the solicitation. By attaching detailed
contact information, prospective applicants can talk directly to the technical officers in
charge of specific topics. This helps companies determine whether they should ap-
ply and gives the prospective applicant a better understanding of the agency needs
and objectives. This informal approach provides an efficient mechanism for informa-
tion exchange. Federal Acquisition Regulations prevent such discussion after formal
release.

DoD. Help Desk and Web support. DoD maintains an extensive and effective web
presence for the SBIR program, which can be used by companies to resolve ques-
tions about their proposals. In addition, DoD staffs a Help Desk aimed at addressing
nontechnical questions. This is appreciated by companies, and is strongly supported
by program staff because it reduces the burden of calls on technical staff.

DoD. Commercialization tracking. DoD’s approach requires companies with previ-
ous Phase Il awards to enter data into a commercialization tracking database each
time these companies apply for SBIR awards at DoD. The database captures outcomes
(both financial, such as sales and additional funding by source, and other benefits
resulting from SBIR; e.g., public health, cost savings, improved weapon system capa-

success in Phase III requires strong support from program offices, and
long-term alignment between SBIR activities and program needs. Efforts
to improve topic alignment have been underway for several years.

4. Administrative funding. The Navy has taken the lead in providing ex-

tended administrative funding and support to its SBIR program. It may
not be a coincidence that Navy’s Phase III results—as reported in the
DD350 forms—are better than those of all other services and components
combined.?

5. Data collection and analytic capabilities. Data collection, reporting

requirements, and analytic capability have all been improved. The CCR
database represents the most comprehensive source of data on outcomes
from SBIR projects at any of the agencies. The NRC study and other

35See Box 2-3 discussing the Navy’s approach.
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bility, etc.) from these companies for all their previous SBIR awards, including those at
other agencies. It also captures information on firm size and growth since entering the
SBIR program, as well as the percent of annual revenue derived from SBIR awards.
These historical results of prior awards are then used in proposal evaluation.

Non-DoD agencies should consider adapting both this approach and the DoD
technology and contributing to the DoD database. This would provide a unified track-
ing system. Adaptations could be made to track additional data for specific agencies,
but this would provide a cost-effective approach to enhance data collection on award
outcomes.

Multiple agencies. Gap-reduction strategies. The agencies have, to different de-
grees, recognized the importance of reducing funding gaps. While details vary, best
practice would involve development of a formal gap-reduction strategy with multiple
components covering application, selection, contract negotiation, the Phase I-Phase Il
gap, and support after Phase II.

DoD Phase Il Enhancement (and NSF Phase IIB). The matching-fund approach
adopted by NSF for Phase IIB and DoD for Phase || Enhancement might be explored
at other agencies. The NSF matching requirement represents an important tool for
helping companies to enter Phase Ill at nonprocurement agencies. The DoD funding
match by acquisition programs provides a transition link into Phase Il contracts with
the agency.

DoD-Navy. Technology Assistance Program. The Navy has developed the most
comprehensive suite of support mechanisms for companies entering Phase Ill, and
has also developed new tools for tracking Phase Ill outcomes. These are important
initiatives, and other components and agencies should consider them carefully.

recent reviews represent a positive effort to connect data and analysis to
practice.”®

6. Phase III results remain uneven across the services and among com-
ponents within the services.

o This suggests that other components and other services could improve
the performance of their programs.

o Interviews suggest that some elements of the department have not
fully integrated SBIR within their own program missions and have not

%6See also a recent RAND Report requested by DoD: Bruce Held, Thomas Edison, Shari Lawrence
Pfleeger, Philip S. Anton, and John Clancy, Evaluation Recommendations for Improvement of the
Department of Defense Small Business Innovation Research (SBIR) Program, Santa Monica, CA:
RAND Corporation, 2006.
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provided SBIR with the resources and management attention needed
to maximize its effectiveness.>’

o The 2005 NRC Symposium on SBIR Phase III contributed to the
awareness of the SBIR program’s potential, the challenge that promis-
ing products face in the Phase III transition, and the need for additional
efforts to “team” across agencies, with SBIR program managers, Pro-
gram Executive Officers, and prime contractors.>

H. Prime contractors are taking a positive approach towards the SBIR
program.

1. Increased interest in SBIR. As the program has grown in size and perfor-
mance, it has garnered greater attention from the DoD upper management
and, importantly, the prime contractors.

o There is considerable evidence that prime contractor interest in—and
engagement with—the SBIR program has been growing rapidly in
recent years (see Chapter 6). Concretely, this is reflected in growing
contractual linkages.>®

2. Interest has been followed by action. This increased focus on the pro-
spective contributions of the SBIR program by the prime contractors ap-
pears to represent a significant positive endorsement of the contributions
of the program.

o Steps taken by the prime contractors to integrate SBIR within their

37Some DoD program managers see the SBIR program as a “tax,” that is an unwarranted allocation
of funds to small business, one that hinders effective R&D program management and one that is time
consuming to manage and without funds to cover the cost of management. For a more positive view
of the program, see the discussion of the Navy program in the Findings section. The recommendations
address program perception and incentives.

3Following the National Academies meeting on the SBIR commercialization challenge, the Senate
Small Business & Entrepreneurship Committee proposed legislation that established a Commercial-
ization Pilot Program. See Section 252 of the 2006 National Defense Authorization Act. The bill was
passed in bipartisan spirit by the Senate Committee on Small Business & Entrepreneurship (SBE)
under the leadership of the Committee Chair, Olympia Snowe (R-ME) and Ranking Member, John
Kerry (D-MA). Further reflecting the growing appreciation of the program’s role and the increased
focus on Phase III, Dr. Finley has described the SBIR program as a means of accelerating innovation
and putting better equipment into the hands of the war-fighter. See remarks by Deputy Under Secre-
tary of Defense for Acquisition and Technology Finley at the Small Business Technology Coalition
Conference on September 27, 2006.

Raytheon, for example, estimates that the value of technology leveraged through SBIR jumped
from $3.8 million in 2004 to $11.6 million in 2005, and looks set to grow as rapidly in 2006. Raytheon
is involved with 36 Phase I projects, 17 Phase II projects, 4 Phase III projects (with three more in
the works), and has been a subcontractor on other projects. See Lani Loell, SBIR Program Manager
Raytheon Integrated Defense Systems, Presentation to SBTC SBIR in Transition Conference, Sep-
tember 27, 2006, Washington, DC.
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strategic roadmaps reveal that they see the program contributing to
technological innovations that further the Defense mission. %

At the Academies’ Phase III conference, representatives of prime con-
tractors stated that there was already a substantial amount of prime
involvement with the SBIR program. Moreover, several of the primes
affirmed that they had made significant efforts to increase their levels
of involvement.

For example, Boeing had recently decided to increase its emphasis on
SBIR.

Similarly, at Raytheon, some divisions (e.g., Integrated Defense Sys-
tems) had formal working arrangements with SBIR for several years.

NRC STUDY RECOMMENDATIONS

As noted in the Findings section above, the Department of Defense has an ef-
fective SBIR program. The recommended improvements listed below should
enable the DoD SBIR managers to address the four mandated congressional
goals in a more efficient and effective manner.

A. Improve the Phase III transition. DoD should continue to expand its
work on improving the Phase III transition (the transition from SBIR-funded
Phase I and Phase II research to commercialization—especially testing and
evaluation funded by other DoD sources). It is important to recognize that the
transition of new technologies is a complex process requiring teaming across
areas of responsibility, additional resources, and often coping with some ele-
ment of additional risk.®! Areas for possible action include:

1. Aligning incentives.

[¢]

For the SBIR program to achieve its full potential, better incentives
are required. Expansion of positive incentives for program officers
to utilize the SBIR program for their own research needs, beyond the
current requirements for their involvement in topic development.

Management needs to improve incentives so that acquisitions officers
perceive reduced risks and enhanced benefits from participating in the
program.

2. Increasing resources. SBIR managers need greater resources to “match”
program funds to encourage uptake. In addition to increased Phase III

%0See Section 5.4.4 and the discussion in Chapter 6.

61See the discussion of these problems and potential remedies in the section on Phase III Transition
in this volume. See also National Research Council, SBIR and the Phase Il Challenge of Commer-
cialization, op. cit.
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SBIR funding, linkages with other programs (e.g., ManTech) might be
enhanced to facilitate the Phase III transition.

. Developing an evaluation culture. Agency and service managers should

have effective data collection and analysis as performance metrics.

. Involving acquisition officers. Active participation by acquisition of-

ficers is key to successful Phase III transitions.

o Acquisition officers control the funding, and their involvement is im-
portant for successful commercialization of SBIR technologies. A cul-
tural shift in program participation and use seems to have occurred at
Navy once Program Executive Offices (PEO) became active champi-
ons of SBIR involvement in acquisitions.

o Senior management support and encouragement, better information
flows, improved PEO education about SBIR, and additional incen-
tives for PEOs to use SBIR are all elements of an effective overall
program.

. Integrating with roadmaps. The long technology development and ac-

quisition cycle for major weapons and logistics systems means that effec-
tive Phase III transition requires early integration of SBIR topics and firms
into the planning process.%?

. Linking SBIR with other programs. Linkages with other programs

(e.g., ManTech) might be enhanced to facilitate the Phase III transition.

. Improving outreach and matchmaking. There are significant barriers to

the flow of information among SBIR firms, prime contractors, and acquisi-
tions offices. Effective transition requires that these barriers be overcome,
most likely through implementation of a range of activities, including
improved electronic communications methods and matchmaking services
like the Navy Opportunity Forum. In particular, efforts should be made,
as appropriate, to align the SBIR program with the needs of the prime
contractors responsible for the development of major systems.

. Connecting with the primes. The growing interest among prime contrac-

%In the case of the semiconductor industry, the industry perceived early on that problems of coor-
dination could arise with a complex technology, multiple participants, and many ways of proceeding.
This realization led to cooperative efforts led by SEMATECH to develop a technology roadmap
setting out the relationships among science, technology, and applications as a point of reference for
the researchers, technologists, project managers, suppliers, and users involved in and affected by the
consortium’s work. As a general approach, roadmaps can advance similar coordination functions
in other industry partnerships and in this way contribute to more efficient and more cooperative
research. See National Research Council, Government-Industry Partnerships for the Development
of New Technologies: Summary Report, Charles W. Wessner, ed., Washington, DC: The National
Academies Press, 2003.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

FINDINGS AND RECOMMENDATIONS 45

tors of the SBIR program’s outputs and opportunities for partnering with
SBIR companies should be encouraged. Consideration should be given to
performance incentives to further encourage development of SBIR sup-
ported technologies.

9. Assessing and expanding commercialization programs. Commercial-
ization programs that provide training, counseling, and networking op-
portunities should be assessed and, as appropriate, expanded.

B. DoD should take immediate steps to enhance the perception of the
SBIR program’s potential and accomplishments, promoting SBIR as an
opportunity.

o A key element in the program’s operation is the attitude taken towards
the program by the different levels of management in the Defense
research and development community.

o Where SBIR is seen as an unwarranted intrusion on program man-
agement, a “tax” on R&D resources, it is less likely to be effectively
aligned with service needs and less likely to have the resources to
develop and ultimately insert the results of successful Phase II tech-
nologies in weapons and logistics systems and other programs.

o When the program is seen as an effective tool to engage the ingenuity
of small companies in support of the Defense mission, with shorter
lead times and more flexibility, it is much more likely to have its results
adopted and incorporated.

o In short, there is an element of circularity in developing measures to
enhance program effectiveness and management’s guidance and re-
wards for those managers who use the program effectively. Providing
the resources and incentives for managers to see opportunity rather
than obligation may well enhance program effectiveness.

C. DoD should substantially strengthen and expand its evaluation efforts in
order to further develop a program culture that is driven by outcomes,
data, and internal and external evaluations.

o Efforts to identify outcomes should be improved, and evaluations®® should

%For example, each SBIR award has a DoD technical monitor who serves as the contracting offi-
cer’s technical representative (COTR). This individual monitors the contractor’s performance during
Phase I and recommends or issues the invitation for Phase II, monitors performance of Phase II, and
receives the contractor’s Phase I and II reports. Despite the importance of the TPOC’s role, there is
no systematic attempt to use the technical monitor to evaluate the quality of the SBIR efforts and to
facilitate Phase III. Since these individuals are not funded separately for SBIR, dissemination of SBIR
outcomes and assistance in transition is a function of individual initiative and competing responsibili-
ties. DoD should consider training, funding, and making better use of this valuable asset.
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be connected much more directly to program management. More attention
should be devoted to the role and contributions of the Contracting Officer’s
Technical Representative (COTR). It is important that DoD create the
capability to use outcomes data to help assess best practice.

o New mechanisms need to be developed that allow for the efficient design,
implementation, and subsequent assessment of pilot programs.

o Efforts should be increased to make sure that appropriate metrics and
benchmarks are adopted and implemented by all units, components, and
Services.

D. DoD should encourage and support the development of a results-oriented
SBIR program with a focused evaluation culture.

1. Effective oversight requires additional staff and funding. Effective
management of a data-driven SBIR program requires the regular
collection of higher-quality data and systematic assessment. Cur-
rently, sufficient resources are not available for these functions. Ad-
ditional funding should be provided for program management and
assessment.

o This funding should also be used to provide management oversight,
including site visits, improved data collection and analysis, regular
reporting, program review, and systematic third-party assessments.

2. To help foster an active evaluation culture, DoD should consider:

o Preparing an expanded annual SBIR program report. DoD should
prepare an annual SBIR program report, which gathers all relevant data
about awards, outcomes, program activities, and management initia-
tives. In particular, the Department should publish detailed data annu-
ally about Phase III take-up at each service, and at each component
within each service, as well as providing information about program
initiatives.

o Commissioning regular assessments. SBIR programs at both DoD
and the individual DoD components should seek to enhance a data-
driven management approach, with regular assessment supporting
policy development and program management.

o Instituting systematic and objective, outside review. The internal
assessment program should be supported and supplemented by sys-
tematic, objective outside review and evaluation, as envisaged in the
reauthorization legislation.

o Convening an advisory board. DoD should consider development
of a formal advisory board, which would receive the annual program
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report and provide its own supplementary review of the report and
management practices on an annual basis to senior DoD officials in
charge of the SBIR program, or possibly to a subpanel of the Defense
Sciences Board.

3. DoD should consider greater internal review and adoption of best
practices.

Such an assessment would identify best practices within DoD and develop
mechanisms for encouraging other components to implement these prac-
tices within their SBIR programs.

[¢]

One important example of best practice might be one focused on the
Phase III transition at the Navy (see Box 2-3).

Additional research should be undertaken to address, inter alia, three
questions related to Navy practice.

What unique factors make the Navy SUBS program successful?

What role is played by initiatives at the service level in supporting the
SUBS program?

What elements of that success can best be transferred elsewhere in
DoD as best practices to be followed? What changes will be needed to
make those transfers successful?

E. DoD should encourage and support pilot programs that evaluate new
tools for improving the program’s overall performance.

1. Innovation through pilot programs. Making changes initially through
pilot programs allows DoD to alter selected areas on a provisional basis; a
uniform approach is unlikely to work well for all components of a program
that funds highly diverse projects with very different capital requirements
and very different product development cycles.

2. Some possible pilot projects include:

[¢]

Small Phase III awards. These could be a key to bridging the financ-
ing ‘Valley of Death’ that many firms face in converting research to
innovation to products.* NASA for example sometimes provides a
small Phase III award—perhaps enough money to fly a demonstration
payload—for a technology not ready for a full Phase III. These might

%4See Lewis Branscomb and Philip Auerswald, Between Invention and Innovation: An Analysis of
Funding for Early-Stage Technology Development, NIST GCR 02-841, Gaithersburg, MD: National
Institute of Standards and Technology, Prepared for the Economic Assessment Office, Advanced
Technology Program, November 2002. See also National Research Council, SBIR and the Phase 1]
Challenge of Commercialization, op. cit.
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BOX 2-3
Lessons from the Navy Model

Many of the issues we identify with regard to the SBIR program at the Department of
Defense have been addressed, with considerable success, by the Navy SBIR program.
Keeping in mind the appropriate caveats concerning different agency needs, operating
conditions, and cultural traditions, a number of aspects of the Navy program address
these concerns. Key features of the Navy program include:

Positive acceptance of the program. Navy PEQO’s and program managers increas-
ingly appear to see the SBIR program as a useful tool in meeting mission objectives,
as acquisition staff are drawn increasingly into topic development and SBIR project
management.

Top management focus. One reason for the positive perception of the program’s utility
is that the Navy provides significant management attention, particularly at the program
executive officer (PEO) level, to the integration of SBIR into technology development
to meet program needs. Strong leadership from the Navy hierarchy emphasizes the
potential of SBIR for Navy missions.

Administrative funding and activities. The Navy provides substantial additional fund-
ing, now on the order of $20 million per annum, to operate the program. These funds
meet a variety of needs ranging from additional professional staff support, funding for
the Technology Assistance Program, and resources for the Navy Opportunity Forum
that helps match SBIR companies with potential customers.

be combined with milestones or gateways to additional rounds of
Phase II funding.

o Unbundling larger contracts. Organizing larger contracts into
smaller components would tend to open more Phase III opportunities
for SBIR firms.%

o Redefining testing and evaluation within SBIR. DoD could pilot
adoption of a wider view of RDT&E, so that SBIR projects could
qualify for limited testing and evaluation funding. That in turn would
help fund improvements in readiness levels.

o “Spring loading” Phase III, by putting in place Phase II milestones
that could help to trigger initial Phase III funding. This could possibly

%5The recent focus for DoD research, development, and engineering centers has been to take many
small support contracts, which were then done by small business and bundle them into a large solici-
tation, which can only be won by a firm which has significant resources. Bundling limits options for
follow-on engineering support by SBIR firms. An alternative to unbundling is to provide incentives
within large omnibus support contracts that make subcontract awards to SBIR firms.
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Emphasis on Phase lll funding and process. Navy PEO’s have embraced the chal-
lenge of maturing innovative technologies (including SBIR products), which requires
serial funding for the many testing, evaluation and demonstration steps that precede
acquisition.

Demonstration effects and program integration. The strong Phase Il take-up re-
cently demonstrated at Navy suggests that acceptance of the program as a valid and
useful component in the Navy’s overall technology development strategy creates a vir-
tuous cycle. Successfully transitioned technologies such as the SAVI logistics tracking
system, the DSR sonar, the ACR’s “Silver Fox” reconnaissance UAV, and cost-saving
diagnostic technologies provide powerful demonstration effects, underscoring the po-
tential contributions of the program to meet a broad range of Navy needs.

Documented achievement. One of the distinctive features of the programs at Navy
is that it successfully documents its accomplishments.? Data from DD350 reports
shows that Navy’s Phase lll contracts grew from $50 million in 2000 to $350 million in
2005. While these growing achievements may in part reflect unique or superior record
keeping as compared with other services, this in itself reflects successful adoption of a
data-driven assessment culture. The data gathered provides superior information and
improved understanding of the operation and potential of the program.

40ne factor contributing to the Navy’s assessment culture is the tradition of research excel-
lence by the Office of Naval Research, one of the nation’s preeminent federal research funding
agencies.

occur in the context of larger, staged, Phase II awards in which ad-
ditional stages fund more Demonstration and T&E, where non-SBIR
funds or resources are leveraged.

3. Evaluating pilots. DoD should develop a formal mechanism for de-
signing, implementing, and evaluating pilot programs. Pilot programs
allow agencies to investigate program improvements at lower risk and
potentially lower cost. Effective pilot programs require rigorous design
and evaluation, clear metrics for success, and the necessary resources and
internal support.

4. A flexible approach is required. In some cases, pilot programs may
require waivers from SBA for activities not otherwise permitted under
the SBA guidelines.®® SBA should be encouraged to take a highly flexible
view of all agency proposals for pilot programs.

%In the past, SBA has shown commendable flexibility in allowing agencies to deviate from stan-
dard award sizes to accommodate the needs of the technology in question and to devise program
innovations, such as the NSF Phase IIB, to provide incentives for commercialization.
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F. Provide additional management resources. To carry out the measures
recommended above to improve program utilization, management, and evalu-
ation, the program should be provided with additional funds for management
and evaluation.

1. Effective oversight relies on appropriate funding.®’” A data-driven program
requires high quality data and systematic assessment. As noted above, suf-
ficient resources are not currently available for these functions.

2. Increased funding is needed to provide effective oversight, including site
visits, program review, systematic third-party assessments, and other nec-
essary management activities.

3. In considering how to provide additional funds for management and evalu-
ation, there are three ways that this might be done:

o Additional funds might be allocated internally, within the existing
budgets of the services and agencies, as the Navy has done.

o Funds might be drawn from the existing set-aside for the program to
carry out these activities.

o The set-aside for the program, currently at 2.5 percent of external
research budgets, might be marginally increased, with the goal of pro-
viding management resources necessary to maximize the program’s
return to the nation.%®

G. DoD should take steps to increase the participation and success rates of
woman- and minority-owned firms in the SBIR program.

97According to recent OECD analysis, the International Benchmark for program evaluation of
large SME and Entrepreneurship Programs is between 3 percent for small programs and 1 percent
for large-scale programs. See “Evaluation of SME Policies and Programs: Draft OECD Handbook,”
OECD Handbook, CFE/SME(2006)17.

%Each of these options has its advantages and disadvantages. For the most part, the departments,
institutes, and agencies responsible for the SBIR program have not proved willing or able to make
additional management funds available. Without direction from Congress, they are unlikely to do
so. With regard to drawing funds from the program for evaluation and management, current legisla-
tion does not permit this and would have to be modified; the Congress has clearly intended program
funds to be for awards only. The third option, involving a modest increase to the program, would
also require legislative action and would perhaps be more easily achievable in the event of an over-
all increase in the program. In any case, the Committee envisages an increase of the “set-aside” of
perhaps 0.03 percent to 0.05 percent on the order of $35 million to $40 million per year, or roughly
double what the Navy currently makes available to manage and augment its program. In the latter case
(0.05 percent), this would bring the program “set-aside” to 2.55 percent, providing modest resources
to assess and manage a program that is approaching an annual spend of some $2 billion. Whatever
modality adopted by the Congress, without additional resources the Committee’s call for improved
management, data collection, experimentation, and evaluation may prove moot. See also the National
Research Council, SBIR and the Phase 1II Challenge of Commercialization, op. cit.
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1. Encourage participation. Develop targeted outreach to improve the par-
ticipation rates of woman- and minority-owned firms, and strategies to
improve their success rates. These outreach efforts and other strategies
should be based on causal factors determined by analysis of past proposals
and feedback from the affected groups.®’

2. Encourage emerging talent. The number of women and, to a lesser
extent, minorities graduating with advanced scientific and engineering
degrees has been increasing significantly over the past decade, especially
in the biomedical sciences. This means that many of the woman and mi-
nority scientists and engineers with the advanced degrees usually neces-
sary to compete effectively in the SBIR program are relatively young and
may not yet have arrived at the point in their careers where they own their
own companies. However, they may well be ready to serve as principal
investigators (PIs) and/or senior co-investigators (Co-Is) on SBIR projects.
Over time, this talent pool could become a promising source of SBIR
participants.

3. Improve data collection and analysis. The Committee also strongly
encourages the agencies to gather and report the data that would track
woman and minority firms as well as principal investigators (PIs), and to
ensure that SBIR is an effective road to opportunity.

®This recommendation should not be interpreted as lowering the bar for the acceptance of pro-
posals from woman- and minority-owned companies. Rather it should be seen as assisting them to
become able to meet published criteria for grants at rates similar to other companies on the basis of
merit, and to ensure that there are no negative evaluation factors in the review process that are biased
against these groups.
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SBIR Awards at DoD

3.1 INTRODUCTION

This chapter reviews SBIR awards made by DoD, based on data provided by
the department. All awards at DoD are made in the form of contracts, and as such
require a deliverable. At a minimum, this means a final report; in some cases, a
prototype or working model is also delivered.

The chapter provides a comprehensive overview of the distribution of
awards, giving a context into which questions regarding outcomes and program
management can best be placed.

This is especially important because of the very decentralized character of
the DoD SBIR program. Each agency or service in effect operates its own pro-
gram within the guidelines sets by the Small Business Administration (SBA) and
Defense Research & Engineering (DDR&E). Program objectives, mechanisms,
and assessment are all developed and implemented primarily at the service and
agency level.

Overall, the number of awards made at DoD has grown sharply in recent
years, reflecting increases in the department’s R&D budget.

3.2 NUMBER OF PHASE I AWARDS

While SBIR funding for DoD has substantially increased in recent years
(see Figure 3-1), the number of Phase I awards awarded has not. The number of
Phase I awards remained relatively constant from 1993 to 2001 before increasing
substantially in 2002. Since then the number of Phase I awards has again stayed
relatively flat. (See Table 3-1.) The substantial (65 percent) increase in the num-
ber of Phase I awards made by DoD in 2002 resulted from a number of factors.
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FIGURE 3-1 SBIR funding at DoD, FY 1998-2006.

SOURCE: Michael Caccuitto, DoD SBIR/STTR Program Administrator, and Carol Van
Wyk, DoD CPP Coordinator, Presentation to SBTC SBIR in Rapid Transition Conference,
September 27, 2006, Washington, DC.

After several years of relatively constant funding, the DoD R&D set-aside
increased by 15 percent in FY2001. Cautiously, DoD awarded less than 8 percent
more Phase I contracts. In 2002, DoD received a further increase of 22 percent
in R&D funding and it became clear that the FY2003 and FY2004 DoD R&D
budgets were likely to grow even further.

TABLE 3-1 SBIR Awards at DoD, 1992-2005

Number of Number of

Year Phase I Awards Phase II Awards Total

1992 1,065 433 1,498
1993 1,303 591 1,894
1994 1,370 406 1,776
1995 1,262 575 1,837
1996 1,372 611 1,983
1997 1,526 638 2,164
1998 1,286 672 1,958
1999 1,393 568 1,961
2000 1,220 626 1,846
2001 1,310 702 2,012
2002 2,162 661 2,823
2003 2,113 1,078 3,191
2004 2,075 1,173 3,248
2005 2,344 998 3,342
Total 21,801 9,732 31,533

SOURCE: DoD awards database.
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DoD responded by increasing the number of SBIR topics by about 10 percent
in FY2002, but received about 75 percent more proposals as the private, venture-
funding technology bubble burst and small technology companies sought new
sources of funding. The confluence of increased funding available, more topics,
and more demand led to a significantly higher number of Phase I awards.

Agency-specific factors also played a part. In 2001, the Missile Defense
Agency (MDA) was seeking to exit the SBIR program. This led to a reduced
number of MDA contracts in FY2001 and the “loaning-out” of MDA set-aside
funding for use by other agencies. When this exit strategy was rejected by DoD,
MDA found that the low number of Phase I contracts it awarded in FY2001 re-
sulted in a reduced number of Phase II contracts in FY2002. But because MDA
was now fully committed to spending its entire SBIR set-aside, it had to give out
an extra-large number of Phase I contracts in FY2002.

The substantial increase in Phase I contracts in 2002 helps to explain the 59
percent increase in the number of Phase II awards between 2001 and 2003. Since
this step jump, numbers have increased only slightly (see Table 3-1).

3.2.1 Phase I—Median Award Size

Figure 3-2 shows that DoD Phase I awards have generally averaged just
under $90,000 since 1997. The increase from 1994—1997 resulted from changes
in SBA guidelines after the 1992 SBIR reauthorization.

3.2.2 Phase I—New Winners

The share of Phase I awards going to new winners—firms that have not pre-
viously participated in the DoD SBIR program—is an important measure of the

100,000

90,000 — ] —

80,000 e T e e e R I e I e I
70,000 e e e e e

60,000 e T e T e O R I O I e I S I e I
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20,000 e e e e el e e =
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0

Median Size of DoD Phase | Awards (Dollars)
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FIGURE 3-2 Phase I Awards at DoD: Mean award size, FY1992-2003.
SOURCE: DoD awards database.
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FIGURE 3-3 Prior SBIR participation/success of the pool of Phase I award winners,
FY2005.

SOURCE: Michael Caccuitto, DoD SBIR/STTR Program Administrator, and Carol Van
Wyk, DoD CPP Coordinator, Presentation to SBTC SBIR in Rapid Transition Conference,
September 27, 2006, Washington, DC.

openness of the program. In this context, “openness” means the extent to which
the SBIR program remains open to new entrants and has not been “captured” by
a limited set of winning companies with well-established connections to DoD.

DoD has provided data covering FY2005 (as of March 2006) that show that
37 percent of awards went to firms that had not previously won a DoD SBIR
award. An additional 50 percent of awards were given to companies with five or
less Phase IT awards. Only 13 percent of Phase I awards went to companies with
more than five Phase II awards. (See Figure 3-3.)

Data from the Navy also suggest that the program is open to outside firms
without an SBIR track record. For example, about half of all Phase I contracts
from NAVAIR go to companies which have never won an SBIR at NAVAIR be-
fore; about 40—45 percent of Phase II contracts go to “new” firms as well.!

Figures for NAVAIR alone are naturally higher than for DoD overall, as some
of the “new” winners at NAVAIR previously have won SBIR awards elsewhere
within DoD, and would therefore not be classified as “new” winners for the
department as a whole.

Fundamentally, the evidence is clear that DoD SBIR programs are system-
atically including large numbers of new entrants. SBIR awards have thus not
become the preserve of a small group of multiple winners. While some companies

!Carol Van Wyk, NAVAIR SBIR Program Manager, presentation to PMA-209, September 2005.
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have won a large number of awards, there are structural characteristics of DoD
that tend to encourage staff to work with companies that have performed well in
the past. Overall, the SBIR program is remarkably open to new entrants even as
some companies are able to repeatedly win in open competitions for awards.

3.2.3 Phase I—The States and Regions

One of the persistent questions about SBIR concerns how the awards are
distributed across the states. Like other federal R&D funding distributed by merit,
SBIR funding tends to cluster in high-tech states and high-tech regions within
those states.

DoD Phase I SBIR awards go disproportionately to states with well-
established traditions of science and engineering (see Table 3-2). The top five
award-winning states received 53.8 percent of all DoD Phase I awards between
1992 and 2005. California and Massachusetts together account for 37.42 percent
of all Phase I awards between 1992 and 2005.2

Concentration at the top is mirrored in the limited number of awards given to
companies in low-award states (see Table 3-3). The bottom 15 states accounted
for 1.85 percent of Phase I awards over the same time period, and 10 states aver-
aged less than three awards per year.

This concentration of awards is not unique to the SBIR program. The GAO
pointed out in its 1999 study of the SBIR program that, according to the SBA,
one-third of the states received 85 percent of all SBIR awards, but also found that
the distribution of SBIR awards tends to mirror the distribution of R&D funds in
general.? The same 1999 GAO study also noted concern about the concentration
of awards, not only by company (see below), but also by geographic location.
With regard to geographic distribution, the GAO report noted that “Companies in
a small number of states, especially California and Massachusetts, have submitted
the most proposals and won the majority of awards, although the distribution of
awards generally follows the pattern of distribution of non-SBIR expenditures for
R&D, venture capital investments, and academic research.”*

The study notes further that the data on the “proposal-to-award ratios show
that proposals from companies in states with historically lesser amounts of federal
research funding won awards at almost the same rate as proposals from compa-
nies in other states” (i.e. those receiving fewer awards).> This suggests that rates

2As a comparison, California and Massachusetts accounted for 36.5 percent of Phase I awards at
NIH.

3The SBA study mentioned in the report (no citation given) referred to SBIR awards from FY 1983
through FY1986. U.S. Government Accounting Office, “Federal Research: Evaluation of Small
Business Innovation Research Can Be Strengthened,” GAO/RCED-99-114, Washington, DC: U.S.
Government Accounting Office, June 1999, p. 17.

“Ibid., p. 21. See also pp. 26-27.

3Tbid, p. 27.
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TABLE 3-4 Phase I Awards—
Top Zip Codes

Zip Number of Phase I
Code Awards
92121 353
01801 324
90501 314
01803 257
02154 253
35805 203
01824 193
80301 192
02451 191
01810 190
85706 177
02138 163
94043 144
90505 141
24060 137
93117 135
87109 132
77840 131
01730 129
03755 129

SOURCE: DoD awards database.

of application are a major determinant of success in winning awards from the
program.

Awards are also distributed unequally within states. The top 20 winning zip
codes account for 17.8 percent of Phase I awards overall (see Table 3-4). This is
a lower degree of concentration than at NIH, but in both cases, the data illustrate
that the SBIR awards, like other innovation activity, tend to be concentrated in
relatively small geographic areas. These clusters of innovation are, in effect, the
relevant unit of measure. Even states with high numbers of awards find that they
are not distributed across the state but instead are concentrated in these innovation
clusters. Moreover, other sources of early-stage funding such as venture capital
tend to be concentrated as well, and normally in the same areas.©

For example, venture capital investment is widely recognized to be concentrated in California with
some 47 percent of national venture funding, yet 35 percent of the nation’s VC investments are in Sili-
con Valley, just under 7 percent in Los Angeles/Orange County, 4.6 percent in San Diego, while the
rest of California receives 0.5 percent of the $7.6 billion invested there in 2005. See the presentation
“The Private Equity Continuum” by Steve Weiss, Executive Committee Chair of Coachella Valley
Angel Network, citing PricewaterhouseCoopers Money Tree data at the Executive Seminar on Angel
Funding, University of California at Riverside, December 8-9, 2006, Palm Springs, California.
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3.2.4 Commercialization and Multiple-award Winners

In the first eight years of the program, a number of companies were success-
ful in winning multiple awards. Many of the projects funded by these awards
were not commercialized. There are several reasons for this. In part, the low com-
mercialization rates reflect the uncertainties inherent in the funding of relatively
early-stage technology development. It may also reflect imperfect alignment
between solicitations and the needs of procurement agencies and the complexities
and long lead times of the procurement process. Perhaps most important, it may
reflect the lower emphasis on commercialization in the early years of the pro-
gram than is now the case.” Lastly, it reflects the different goals of participating
companies documented in previous NRC research.® Understanding these different
goals is important in this context.

Companies that participate in the program, like the agencies themselves,
often have multiple objectives.

*  Firms approach the SBIR award process at different stages of devel-
opment and with different objectives. Some firms are developing technology
concepts; some firms see their vocation as contract research organizations; others
actively seek to develop commercial products, either for public agencies or for
the marketplace.’

e Investigator-led firms, limited in size and focused on a single concept may
seek multiple awards as they advance research on a promising technology.!?

7As a Creare representative, Nabil Elkouh, points out, in the early years of the program, small
companies had not figured out how to use it, nor had the departments figured out how to run the
program, and the award process was less competitive than it is today. Emphasis on commercialization
was minimal. Program managers defined topics that represented an interesting technical challenge.
See the case study of Creare, Inc., August 2005, in National Research Council, An Assessment of the
SBIR Program at the Department of Energy, Charles W. Wessner, ed., Washington, DC: The National
Academies Press, 2008.

8National Research Council, The Small Business Innovation Research Program: An Assessment
of the Department of the Defense Fast Track Initiative, Charles W. Wessner, ed., Washington, DC:
National Academy Press, 2000.

9See Reid Cramer, “Patterns of Firm Participation in the Small Business Innovation Research Pro-
gram in the Southwestern and Mountain States,” in National Research Council, The Small Business
Innovation Research Program: An Assessment of the Department of Defense Fast Track Initiative,
op. cit., p. 151. The author describes the incremental nature of technical advance, which sometimes
necessitates several awards. See also John T. Scott, “An Assessment of the Small Business Innovation
Research Program in New England: Fast Track Compared with Non-Fast Track,” in National Re-
search Council, The Small Business Innovation Research Program: An Assessment of the Department
of Defense Fast Track Initiative, op. cit., p. 109, for a discussion of Foster-Miller, Inc.

19Tbid. The mirror image of this approach is the program manager that makes several awards for
similar technologies among different companies. In fact, it is not uncommon to have multiple award-
ees on the same Phase I topic. For an example, see the Navy’s SBIR Web site selections page for
their FY-06.1 awardees, available at <http://www.navysbir.com/06_1Iselections.html>. This page not
only shows several awardees for each topic, but if you click on the “Details” link, you can see the
differences in companies’ approaches to the topics.
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*  For firms that carry out research as a core activity, success is often mea-
sured in multiple contract awards. Some firms, mainly at DoD, have won large
numbers of awards over the life of the program. Yet, even with many awards,
there is nothing intrinsically wrong with a process that provides high-quality
research at a lower cost than might otherwise be available to the department.'!
Inexpensive exploration of new technological approaches can be valuable, partic-
ularly if they limit expenditure on technological dead ends. For research oriented
firms, the key issue is the quality of the research and its alignment with service
and agency needs.!?

e In some cases, firms respond to an agency solicitation and “solve” the
problem, provide the needed data, or propose a solution that can then be adopted
by the agency with no further “commercialization” revenues for the firm.!3

e Those firms that seek to develop commercial products may, in an initial
phase, seek multiple awards to rapidly develop a technology. For the high-growth
firms, this period is limited in time, before private investment becomes the prin-
cipal source of funding.'4

!To secure additional awards, a small company has to resubmit its proposal through the regular
review process. These awards are relatively small in amount—the normal Phase I and Phase II awards
would total $850,000. As a point of comparison, the top three U.S. prime contractors in 2004 garnered
over $86 billion in defense revenues.

2For example, Foster-Miller, a multiple-award winner, developed robots for use in Iraq to iden-
tify roadside improvised explosive devices. Creare is also won a large number of awards and tends
to focus engineering problem solving rather than commercialization. Nonetheless the firm has 21
patents resulting from SBIR-funded work, has published dozens of papers, and licensed a variety of
technologies. These technologies include high-torque threaded fasteners, a breast cancer surgery aid,
corrosion preventative coverings, an electronic regulator for firefighters, and mass vaccination devices
(pending). Products and services developed at Creare include thermal-fluid modeling and testing, min-
iature vacuum pumps, fluid dynamics simulation software, network software for data exchange, and
the NCS Cryocooler used on the Hubble Space Telescope to restore the operation of the telescope’s
near-infrared imaging device. See the case study of Creare, Inc., August 2005, in National Research
Council, An Assessment of the SBIR Program at the Department of Energy, op. cit.

3There are cases where a small business successfully completes the requirements and objectives of
a Phase II contract, meeting the needs of the customer, without gaining additional commercialization
revenues. For example, Aptima, Inc., a multiple-award winner, designed an instructional system to
improve boat handling safety by teaching the use of strategies that mitigate shock during challeng-
ing wave conditions. A secondary goal was to demonstrate how an innovative learning environment
could establish robust skill levels while compressing learning time. Phase I of the project developed
a training module, and in Phase II, instructional material, including computer animation, videos, im-
ages, and interviews were developed. The concept and the supporting materials were adopted as part
of the introductory courses for Special Operations helmsmen with the goal of reducing injuries and
increasing mission effectiveness. Michael Paley, Aptima, Inc., personal communication, September
30, 2006.

14For a discussion of Martek as an example, see Maryann P. Feldman, “Role of the Department of
Defense in Building Biotech Expertise.” in National Research Council, The Small Business Innova-
tion Research Program: An Assessment of the Department of Defense Fast Track Initiative, op. cit.,
pp. 266-268. See also Reid Cramer, “Patterns of Firm Participation in the Small Business Innovation
Research Program in the Southwestern and Mountain States,” in National Research Council, The
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In short, the participating firms, like the services and agencies, use the pro-
gram in a variety of ways. Some are start-ups, some are well-established firms,
all have differing strategies and objectives, and many are new entrants. Some are
strong performers with regard to the commercialization metric, while others make
valuable, if less commercially oriented, contributions. !>

(The DoD commercialization database provides the best data on overall
outcomes from awards to FAWs, not least because it is specifically designed to
do s0.16)

3.2.4.1 Background to the Multiple-award Winner Issue

As the 1992 SBIR reauthorization approached, there was some concern on
the part of the Small Business Committee that “large, multiple-award winners
might hurt the program. .. ”!7 This concern was included in the second GAO
evaluation of the program, required by the 1982 legislation, and released in
March 1992.!8 The GAO evaluators found very preliminary evidence that in the
19841987 period, SBIR companies receiving five or more awards (deemed “fre-
quent winners”’) had a somewhat lower commercialization record than companies

Small Business Innovation Research Program: An Assessment of the Department of Defense Fast
Track Initiative, op. cit., pp. 146-147, who discusses several firms that realized commercial success
after several awards.

50ne of the earliest (1992) GAO studies on SBIR found a positive record on commercialization.
The study noted that “even though many of the SBIR projects have not yet had sufficient time to
achieve their full commercial potential, the program is showing success in Phase III activity,” with
the majority of this activity occurring in the private sector, a goal of the program. U.S. Government
Accounting Office, Federal Research: Small Business Innovation Research Shows Success but Can
Be Strengthened, GAO/RCED-92-37, March 1992, p. 4.

16The DoD database does not contain information on all companies or all awards. According to
BRTRC, which manages the database, the data collected from the agencies on Phase II awards made
from 1992 to 2001 identified 2,257 firms that had received at least one Phase II, but were not in the
DoD database, and were therefore not included in Table 3-5. Of these 2,257, only six had received 15
or more Phase II during the ten years for which BRTRC received award data. Although inclusion of
pre-1992 and post-2001 awards would have increased that number, it seems reasonable to conclude
that the firms in the DoD data represent a large majority of the multiple winners.

"House Report (REPT. 102-554) Part I (Committee on Small Business), The Small Business Re-
search and Development Enhancement Act of 1992, p. 17.

18The GAO analysis was carried out between August 1990 and August 1991. At the time, the GAO
cautioned that the group examined consisted of the Phase II awardees from the first four years in
which Phase II awards were made, the GAO analysts chose the earlier recipients “because studies
by experts on technology development concluded that five to nine years are needed for a company
to progress from a concept to a commercial product.” U.S. Government Accounting Office, Federal
Research: Small Business Innovation Research Shows Success but Can Be Strengthened, GAO/
RCED-92-37, op. cit. p. 17. They note further that “even with this early group of Phase II recipients,
additional time is required for projects to mature.” They add that “about ten percent of the projects
responding to our survey had not even completed Phase II,” adding that “our findings therefore rep-
resent an early interpretation of the trends in Phase II1.”
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receiving fewer than five awards.”! The preliminary nature of this analysis was
not fully appreciated at the time, despite the GAO’s qualifications concerning
the limited time between, for example, the 1987 awards and the study’s analysis
in 1990-1991.

Notwithstanding the tentative nature of the findings, the problem of “SBIR
mills” was established and the focus shifted to efforts to enhance commercializa-
tion. To this end, Section 9(e)(4) of the Small Business Act (15 U.S.C. 638(e)(4))
was amended in 1992 to require that agencies consider “the small business
concern’s record of successfully commercializing SBIR or other research” when
making Phase II awards. Thus Section 9(e)(4) of the Small Business Act (15
U.S.C. 638(e)(4)) was amended as follows—

(B) a second phase, to further develop proposals which meet particular program
needs, in which awards shall be made based on the scientific and technical merit
and feasibility of the proposals, as evidenced by the first phase, considering,
among other things, the proposal’s commercial potential, as evidenced by—(i)
the small business concern’s record of successfully commercializing SBIR or
other research; (ii) the existence of second phase funding commitments from
private sector or non-SBIR funding sources; (iii) the existence of third phase,
follow-on commitments for the subject of the research; and (iv) the presence of
other indicators of the commercial potential of the idea.

3.2.4.2 The Creation of the Commercialization Achievement Index

At DoD, this requirement led to development of the “Commercialization
Achievement Index (CAI),” which normalized reported sales and further invest-
ment resulting from the Phase II based on the length of time since the award and
allowed a numerical comparative evaluation of a firm’s success in commercializa-
tion to firms with comparable SBIR experience.

The CAI is one component of the Company Commercialization Report
(CCR), which is electronically included in every proposal. The CCR also captures
other indicators of the commercial potential, such as firm growth, IPO resulting
from SBIR, number of patents received as a result of SBIR, firm revenue and the
percent of that revenue that is SBIR. Evaluation of the proposal’s commercial
potential is based on the commercialization plan, which would include any fund-
ing commitments for Phase II for or Phase III from private sector or non-SBIR
sources, and on the CCR. The CCR also allows the firm to describe commer-
cialization that may have small sales dollars, but major impact, such as in health
care or cost savings.

Firm winning more than four or five awards (the number changed in 2005)
are now required to complete a CCR with every application for further DoD
SBIR awards. As the report requires information about all awards, not just those

“House Report (REPT. 102-554) Part I (Committee on Small Business), The Small Business Re-
search and Development Enhancement Act of 1992, op. cit., p. 17.
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at DoD, it includes some data on awards at other agencies, for firms which also
apply at DoD.

3.2.4.3 Commercialization Outcomes from DoD Commercialization Data

Table 3-5 shows commercialization data for firms by number of Phase II
awards.?°

3.2.4.4 Reconceptualizing Multiple-award Winners

Criticisms of multiple-award winners seem in general to be misplaced. They
result from an overly negative reading of limited data, focused on one element
of the program, often using a highly simplified, essentially linear conception of
commercialization.

A more comprehensive assessment of the role of companies with multiple
awards reveals multiple dimensions.

1. Evolution in Company Revenue. Data from the NRC Phase II Survey
shows that larger companies tend to rely less on SBIR as a source of company
revenue. This is supported by case research: At Radiation Monitoring, for ex-
ample, SBIR is now only 16 percent of total firm revenues.?!

2. Graduation. The companies evolve over time. Some of the large
Phase IT winners have “graduated” from the program either by growing beyond
the 500 employee limit or by being acquired. In the case of Foster-Miller, a
particularly strong award winner, the company was acquired by a foreign-owned
firm.

3. Meeting Agency Needs. Case studies show that some of the biggest
award winners have successfully commercialized, and have also in other ways
met the needs of sponsoring agencies. Some are effective at contract research.
Contract research is often a valuable contribution in its own right. DoD staff indi-
cate that SBIR fills multiple needs, many of which do not show up in sales data.
For example, agency staff suggest that SBIR awards permit efficient probes of the
technological frontier, conducted in a short time frame, with a very limited bud-
get. These awards can effectively explore new technological approaches, saving
time and resources; and some companies succeed in providing viable alternatives
to program managers.??

4. Company Creation. Some frequent winners frequently spin off

20Although the database covers all agencies, some agencies are underrepresented owing to the
focus on DoD-oriented firms. NIH awardees, for example, account for only 7 percent of entries in
the database.

2IMichael Squillante, Vice President, Radiation Monitoring, private communication, June 2004.

22See National Research Council, SBIR and the Phase III Challenge of Commercialization, Charles
W. Wessner, ed., Washington, DC: The National Academies Press, 2007.
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companies—like Optical Sciences, Creare, and Luna. Creating new firms is a
valuable contribution of the program especially with regard to the defense in-
dustrial base. The creation of these firms creates new opportunities for defense
contractors, greater competition, and permits more rapid development of new
defense solutions.

5. Flexibility and Speed. Some FAWs have provided the highly efficient
and flexible capabilities needed to solve pressing problems rapidly. For example,
Foster-Miller, Inc., responded to needs in Iraq by developing and the manufactur-
ing add-on armor for Humvees.??

3.2.4.5 Conclusions

The data and analysis above suggest three core conclusions:

1.  While some companies win a substantial number of awards, perhaps
not unlike leading universities, there does not appear to be a widespread problem
inherent to the program at DoD (or at other agencies). The most recent data sug-
gest these companies commercialize on average more than companies with fewer
awards.

2. Analysis of other dimensions of the program also strongly suggest that
frequent winners provide powerful benefits: Given that our analysis of selec-
tion procedures suggests that in general these are both fair and competitive, the
presumption must be that this limited number of companies are winning awards
because they meet the needs of the agency, as expressed in published solicitations.
More broadly, it is too narrow an approach to evaluate company performance
solely on the basis of commercialization: The SBIR program is designed to meet
other equally important congressional objectives as well.

3. The current focus on commercialization records is a valuable stimulus.
DoD is currently meeting congressional requirements in this area by maintaining
the CAI and requiring completion of the CCR, and by including commercializa-
tion information with Phase II applications. Efforts to further enhance reporting
and analysis are recommended elsewhere.

4. DoD has implemented what might be called the “enhanced surveillance
model for FAWs—requiring closer scrutiny of the commercialization efforts in
the course of the selection process. While elements of this process will undoubt-
edly be adjusted and fine-tuned in light of ongoing experience, the fact is that
DoD is already taking steps to ensure that “research for the sake of research” is
not encouraged.

ZFoster-Miller’s LAST® Armor, which uses Velcro-backed tiles to protect transport vehicles, heli-
copters and fixed wing aircraft from enemy fire, was developed on two Phase I SBIRs and a DARPA
Broad Agency Announcement. The technology has helped improve the safety of combat soldiers
and fliers in Bosnia and Operation Desert Storm. Access at <http://www.dodsbir.net/SuccessStories/
fostermiller.htm>.
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Given that SBIR awards meet multiple agency needs and multiple congressional
objectives, it is difficult to see how the program might be enhanced by the impo-
sition of an arbitrary limit on the number of applications per year. The evidence
supports the conclusion that the department does not have a general problem with
multiple-award winners.

If, over time, agencies see issues emerging in this area, they might consider
adopting some version of the DoD “enhanced surveillance” model, in which
multiple winners are subject to enhanced scrutiny in the context of the award
process.

3.2.5 Phase I Awards—By Company

Some companies are very successful in winning Phase I awards at DoD.
The most successful applicant between FY 1992 and FY2005 won 361 Phase 1
awards (and is no longer a small business). The top 20 Phase I winners among
the 7,113 companies that received at least one Phase I award from DoD over this
period accounted for 11.2 percent of all Phase I awards (compared to 8.9 percent
at NIH).

Twenty-seven companies received at least 50 awards from DoD during this
14-year period, and ten received more than 100. Two received more than 300.
(See Table 3-6.) These data indicate a considerably greater degree of concentra-

TABLE 3-6 Multiple-award Winning Companies at DoD FY1992-2005

Firm Name Number of Phase I Awards
FOSTER-MILLER, INC. 361
PHYSICAL OPTICS CORP. 316
PHYSICAL SCIENCES, INC. 170
MISSION RESEARCH CORP. 126
ALPHATECH, INC. 117
CREARE, INC. 129
CHARLES RIVER ANALYTICS, INC. 112
CFD RESEARCH CORP. 107
TRITON SYSTEMS, INC. 125
COHERENT TECHNOLOGIES, INC. 101
TECHNOLOGY SERVICE CORP. 90
CYBERNET SYSTEMS CORP. 95
SCIENTIFIC SYSTEMS CO., INC. 91
DIGITAL SYSTEM RESOURCES, INC. 48
STOTTLER HENKE ASSOC., INC. 84
TEXAS RESEARCH INSTITUTE AUSTIN, INC. 77
ORINCON CORP. 97
METROLASER, INC. 66
SYSTEMS & PROCESS ENGINEERING CO. 69
TOYON RESEARCH CORP. 65

SOURCE: DoD awards database.
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tion of awards among the top winning companies than at other agencies, includ-
ing NIH, which has the second largest SBIR program.

It might also be observed that a number of the companies listed in Table 3-6
have grown and are now large firms, no longer eligible for SBIR. Of course, this
successful growth is a desirable result of their prior SBIR work.

On the other side of the spectrum, 95 percent of SBIR awardees received less
than 10 awards, and 74 percent received no more than two.

3.2.6 Phase I Awards—Demographics

Data from the DoD awards database indicate that the percentage of DoD
SBIR awards going to woman- and socially and economically disadvantaged
small business concerns has hovered around 20 percent for years (see Figure 3-4).
Within that 20 percent, the percentage going to woman-owned firms has slowly
increased, while the share going to minority-owned firms has fallen steadily from
a peak of 14 percent in 1999 to 9.3 percent in 2005. However, the actual numbers
of awards to both have increased during this period as the overall number of SBIR
awards has expanded with DoD research funding.

30

25

20

15

10

Percent of All Phase | Awards

0
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Year

| [ Minority-owned [ Woman-owned

FIGURE 3-4 Phase I awards to woman- and socially and economically disadvantaged
small business concerns.
SOURCE: DoD awards database.
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3.2.7 Phase I Awards—By Agency and Component

The substantial size differences between the various components of DoD
mean that different components award different numbers of contracts. The
percentage of Phase I contracts awarded by each component is displayed in
Table 3-7.

The data show that the three largest components—Army, Air Force, and
Navy—account for a fraction under 70 percent of all DoD SBIR awards be-
tween 1992 and 2005. This dominance varies substantially, however, ranging
from a high of 83 percent in 1995 to a low of 59 percent in 2002 (as shown in
Figure 3-5).

3.2.8 Phase I Awards—Size of Awards

None of the DoD components has experimented with oversized Phase I
awards in the same way as NIH. In general, awards are kept slightly below the
SBA guideline maximum of $100,000. Some components hold back up to $30,000
of a possible Phase I award as an “option” which can be released as bridge fund-
ing between Phase I and Phase II after a Phase II contract has been awarded but
before the contract is in place.

Overall, less than 0.15 percent of all Phase I awards were made for more
than $150,000, although it is worth noting that in recent years some large Phase I
contracts have been awarded, as shown in Table 3-8.

DoD staff have suggested that these extra-large awards—and similar extra-
large Phase II awards—have resulted from the addition of non-SBIR funding
to existing SBIR awards. This technique is a permissible and apparently not
uncommon event at DoD and is considered by many to be a very desirable ad-
ditional incentive and success measure. Ideally, the award data should indicate
such additional funding.

3.3 PHASE II AWARDS

As R&D funding for DoD has increased, the number of Phase II contracts
awarded has increased. The trendline in Figure 3-6 reflects growth in the number
of Phase II contracts awarded, from about 400 in 1992 to about 1,000 in 2005.
The substantial jump in numbers awarded in 2003 partly reflects the 2002 in-
crease in Phase I awards.

One strategic question for all SBIR agencies is the balance between Phase I
and Phase II funding. Too many Phase I awards might leave insufficient funding
to provide for the critical Phase II research that can result in technologies that
the agencies will use, or that can be commercialized. Too few Phase I awards,
and agencies find they have starved the “pipeline,” and must subsequently award
Phase II funds to projects that may not deserve it. This balancing act is captured
by the percentage of total SBIR funds that are allocated to Phase II, described in
Figure 3-7. DoD allocates about 75-80 percent of funding to Phase II awards.
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FIGURE 3-5 Army/Air Force/Navy Share of All SBIR Phase I awards, 1992-2005.
SOURCE: DoD awards database.

3.3.1 Phase II—Average Size of Award

As with Phase I, the data show that DoD Phase II awards are closely aligned
with the SBA guidelines. The median size of award rose when the guidelines
were increased after the 1992 reauthorization, but has remained at slightly under
$750,000 in nominal terms since 1997.

The DoD awards database does not distinguish clearly the source of fund-
ing on a contract. As a result, the database includes contracts where substantial
additional funds were added from non-SBIR sources to an SBIR contract. As a

TABLE 3-8 Maximum Size of
Phase I Award, 1992-2005

Year Maximum Phase I Award Size ($)
1992 150,000
1993 238,729
1994 118,086
1995 129,770
1996 150,803
1997 153,675
1998 163,805
1999 198,216
2000 179,968
2001 262,540
2002 303,996
2003 448,796
2004 597,999
2005 163,050

SOURCE: DoD awards database.
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FIGURE 3-7 Percentage of total DoD funding spent on Phase II, 1992-2005.
SOURCE: DoD awards database.

result, the awards database indicates some significant extra-large awards (see
Figure 3-9).

The extent to which these awards are actually oversized SBIR awards rather
than SBIR contracts supplemented with non-SBIR funds cannot be determined
conclusively from the DoD awards database.>*

24Component-level data is, according to the data contractor BRTRC, likely to be more detailed in
this regard but is not maintained centrally and has not been used for this analysis.
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FIGURE 3-8 Phase II median award size, 1992-2005.
SOURCE: DoD awards database.

3.3.2 Phase II Awards—By Company

As with Phase I, some companies have received numerous Phase II awards.
The companies receiving many Phase I awards are often also successful in ap-
plying for multiple Phase II awards, as on average, 42 percent of Phase I winning
proposals receive Phase II awards.
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FIGURE 3-9 Oversized Phase II awards at DoD, 1992-2005.
SOURCE: DoD awards database.
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TABLE 3-9 Phase II Multiple-award Winners 1992-2005 at DoD

Phase I/
Number of  Number of  Phase II
Phase I Phase 11 Conversion
Firm Name Awards Awards Rate
FOSTER-MILLER, INC. 361 140 38.8
PHYSICAL OPTICS CORP. 316 117 37.0
PHYSICAL SCIENCES, INC. 170 75 44.1
MISSION RESEARCH CORP. 126 69 54.8
ALPHATECH, INC. 117 68 58.1
CREARE, INC. 129 60 46.5
CHARLES RIVER ANALYTICS, INC. 112 60 53.6
CFD RESEARCH CORP. 107 56 52.3
TRITON SYSTEMS, INC. 125 55 44.0
COHERENT TECHNOLOGIES, INC. 101 53 52.5
TECHNOLOGY SERVICE CORP. 90 42 46.7
CYBERNET SYSTEMS CORP. 95 41 432
SCIENTIFIC SYSTEMS CO., INC. 91 38 41.8
DIGITAL SYSTEM RESOURCES, INC. 48 36 75.0
STOTTLER HENKE ASSOC., INC. 84 36 429
TEXAS RESEARCH INSTITUTE AUSTIN, INC. 77 36 46.8
ORINCON CORP. 97 36 37.1
METROLASER, INC. 66 35 53.0
SYSTEMS & PROCESS ENGINEERING CO. 69 35 50.7
TOYON RESEARCH CORP. 65 34 52.3
Total and Average (conversion rate) 2,446 1,122 48.6

SOURCE: DoD awards database.

Table 3-9 shows the top Phase II award winners. Note that these results are
estimates only.?

Together, the top 20 winners account for 11.5 percent of all Phase IT awards
made at DoD from FY 1992 to FY2005. This compares with 11.1 percent at NIH.
It is also worth noting that some of the top 20 winners are no longer eligible. For
example, Foster-Miller, Inc., has been purchased by a foreign-owned corpora-
tion; Alphatech, Inc., Digital System Resources, Inc., and Triton Systems, Inc.,
have each been acquired and are now part of companies which have more than
500 employees.

3.3.3 Phase II Awards—By State

As would be expected with merit-based R&D awards, the geographical
distribution of Phase II awards approximates but does not equal the distribution
for Phase I awards. As can be seen in Table 3-10, the states with many Phase I

2Because companies change names, and in some cases tax ID numbers, a precise count would
require a manual examination of all records.
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award-winners tended to get the most Phase II awards. Not surprisingly, states
with few Phase I awards had few Phase II awards.

Still, states do vary substantially in the degree to which their companies
successfully convert Phase I awards into Phase II. Table 3-11 shows the percent-
age share of Phase II awards between 1992 and 2005, by state, expressed as a
percentage of the Phase I awards between 1992 and 2005, by state. This metric
indicates which states appear to be particularly successful at converting Phase 1
awards into Phase II awards.

The data show that the top 10 states on this metric had companies that con-
verted Phase I into Phase II at a rate of 50 percent or better; the ten lowest receiv-
ing states all converted at rates of less than 35 percent. This suggests avenues for
state-level research. It is possible that enthusiastic outreach efforts at the state
level—perhaps by state S&T or economic development agencies—have encour-
aged firms to submit Phase I proposals that in the end have not justified Phase II
funding. This may not necessarily be a good strategy for either the firm or the
state. On the other hand, states can perhaps help companies learn to develop a
more successful approach to Phase II. These data may also be impacted by sample
size. None of the 15 states with the most Phase II awards are on either list.

The number of “low award” states—those with 10 or fewer Phase II awards
per year—has fallen substantially between 1992 and 2005, from 28 to 16. This
may be partly explained by the substantial increase that took place during this
period in the number of awards. Nonetheless, it is clear that companies from ar-
eas traditionally not regarded as S&T hubs do have opportunities to win Phase 11
wards at DoD, an advantage of the program given the required concentration of
early-stage capital.

TABLE 3-11 Phase II Awards—
Conversion Rates for Phase IIs by State,
1992-2005, Expressed as a Percent of

Phase Is

High Conversion Low Conversion
NV 69.6 OK 34.5
ND 66.7 SC 33.9
NE 61.1 HI 33.9
WI 55.4 AZ 33.6
AR 533 MO 32.6
MT 53.2 LA 31.6
WA 50.6 WY 30.0
uT 50.3 AK 28.6
NH 50.0 SD 28.6
WV 50.0 DC 26.5

SOURCE: DoD awards database.
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Naturally, Phase II awards are further concentrated within states. However,
the zip code with the largest number of Phase II awards received only 1.6 percent
of Phase I awards, and 1.5 percent of Phase IIs. Overall, the top 10 zip codes
accounted for 11.2 percent of both Phase I and Phase II awards. This contrasts
with NIH, where the top zip code accounted for 19.9 percent of Phase I awards,
and the top 10 zip codes for 13.6 percent. Science and engineering talent in the
disciplines relevant to DoD appear to be more widely distributed than that in the
life sciences.?®

3.3.4 Phase II—Awards by Component

Like Phase I, Phase II awards are concentrated in the major components of
DoD—Army, Navy, Air Force, MDA, and DARPA (see Table 3-12).

As shown by Figure 3-10, Army, Navy, Air Force, and MDA account for 83
percent of Phase II awards on average since FY2000: The remaining 17 percent
is largely accounted for by DARPA.

These percentages vary somewhat over time, although that has stabilized at
about 85 percent since 2002 (see Figure 3-11).

3.4 WOMAN- AND MINORITY-OWNED FIRMS

One of the stated objectives of the SBIR program is to expand opportunities
for women and minorities in the federal S&T contracting process. One way to
measure program performance in this area is to review the share of awards being
made to woman- and minority-owned firms.

While Phase I awards to woman-owned firms have continued to increase as a
percentage of all Phase I awards, the percentage of Phase I awards being made to
minority-owned firms has declined quite substantially since the mid-1990s. The
percentage fell below 10 percent for the first time in 2004.

DoD data suggest that the decline in Phase I award shares for minority-
owned firms is reflected in Phase II, although there was in fact an uptick in the
percentage of awards to minority-owned firms in FY2005. (See Figure 3-12.)

These data also indicate that both woman- and minority-owned firms are
converting Phase I awards into Phase II at a rate very close to that of all award
winners. On average, their share of all Phase I awards is 0.3 percent higher than
their share of Phase I awards. This suggests that the overall quality of Phase I
awards from woman- and minority-owned firms is comparable to that of all firms,
in that these awards appear equally deserving of the substantially greater invest-
ment required from the agency at Phase II.

Further analysis of applications data is required to determine whether the
declining Phase I awards rate for minority-owned firms reflects a declining share

26Data from DoD awards database and NIH IMPAC database respectively.
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FIGURE 3-10 Distribution of Phase II awards by component, FY2000-2005 (annual

average percent).
SOURCE: DoD awards database.

of applications, the rejection rate that is increasingly greater than that for all
other applicants, or whether the rate of increase in awards is growing faster than
number of minority firms.

Finally, a note on data. NRC research has determined that the DoD applica-
tions database is a poor source of information on the woman/minority status of
the approximately 15,000 entries for a given year. The data come directly from
the proposals, but firms are sometimes inaccurate in what they enter for owner-
ship status. In FY2005 we identified 53 firms that listed minority or woman own-
ership on some, but not all of the proposals they submitted. Looking across years,
firms were identified that showed woman ownership some years, then no status,
then woman ownership again. One firm that had about ten proposals annually
listed itself as minority-owned, then several years of no special ownership, then
woman-owned. After awards are made and moved to a separate database table,
DoD works to correct some obvious errors in the demographic status.
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Outcomes

4.1 INTRODUCTION

Identifying the specific outcomes resulting from an early-stage R&D pro-
gram such as SBIR is challenging.! The long lag between input (funding) and
output (possible products and services), combined with the frequent need for mul-
tiple inputs for successful technology development, make definitive assessments
of the link between a single input and a complex output difficult. In addition there
are very substantial data collection problems, as awardees and agencies cannot
consistently capture outcomes for all supported projects. Many early-stage re-
search projects generate little that is tangible in the form of products and services
while a few projects can generate very large returns. The large skew means that
anything short of an all-inclusive analysis risks missing important contributions
from the program.

While keeping these caveats in mind, this chapter seeks to provide as broad
an assessment of outcomes from the DoD SBIR program as possible. It will
focus on whether SBIR is meeting its four congressional objectives. These are
“(1) to stimulate technological innovation; (2) to use small business to meet
federal research and development needs; (3) to foster and encourage participa-
tion by minority and disadvantaged persons in technological innovation; and (4)

'For a summary of the challenges of tracking specific SBIR outcomes, see National Research
Council, SBIR: Program Diversity and Assessment Challenges, Charles W. Wessner, ed., Washington,
DC: The National Academies Press, 2004, pp. 32-35. Data in this chapter are derived from the NRC
Phase II Survey unless otherwise specified.

86
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to increase private sector commercialization derived from federal research and
development.”?

4.2 COMMERCIALIZATION

4.2.1 Background

Bringing new technologies developed under the research supported by SBIR
awards to the marketplace has been a central objective of the SBIR program
since its inception. The program’s initiation in the early 1980s in part reflected
a concern that American investment in research was not being transformed ad-
equately into products that could generate greater wealth, more employment, and
increased competitiveness. Directing a portion of federal investment in R&D to
small businesses was thus seen as a new means of meeting the mission needs of
federal agencies while increasing the participation of small business and thereby
the proportion of innovation that would be commercially relevant.?

Congressional and Executive Branch interest in the commercialization of
SBIR research has increased over the life of the program.

A 1992 GAO study* focused on commercialization in the wake of con-
gressional expansion of the SBIR program in 1986.% The 1992 reauthorization
specifically “emphasize[d] the program’s goal of increasing private sector com-
mercialization of technology developed through federal research and develop-
ment® and noted the need to “emphasize the program’s goal of increasing private
sector commercialization of technology developed through federal research and
development.” The 1992 reauthorization also changed the order in which the

>The Small Business Innovation Development Act (PL 97-219).

3A growing body of evidence, starting in the late 1970s and accelerating in the 1980s indicates that
small businesses were assuming an increasingly important role in both innovation and job creation.
See, for example, J. O. Flender and R. S. Morse, The Role of New Technical Enterprise in the U.S.
Economy, Cambridge, MA: MIT Development Foundation, 1975, and David L. Birch, “Who Creates
Jobs?” The Public Interest, 65:3-14, 1981. Evidence about the role of small businesses in the U.S.
economy gained new credibility with the empirical analysis by Zoltan Acs and David Audretsch of
the U.S. Small Business Innovation Data Base, which confirmed the increased importance of small
firms in generating technological innovations and their growing contribution to the U.S. economy.
See Zoltan Acs and David Audretsch, “Innovation in Large and Small Firms: An Empirical Analysis,”
The American Economic Review 78(4):678-690, Sept 1988. See also Zoltan Acs and David Audretsch,
Innovation and Small Firms, Cambridge, MA: The MIT Press, 1990.

4U.S. Government Accounting Office, Federal Research: Small Business Innovation Research
Shows Success but Can Be Strengthened, GAO/RCED-92-37, Washington, DC: U.S. Government
Accounting Office, March 1992.

SPL 99-443, October 6, 1986.

°PL 102-564 October, 28, 1992.
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program’s objectives are described, moving commercialization to the top of the
list.

The term “commercialization” means, “reaching the market,” which some
agency managers interpret as “first sale”—that is the first sale of a product in the
market place, whether to public or private sector clients. This definition, how-
ever misses significant components of commercialization that do not result in a
discrete sale. It also fails to provide any guidance on how to evaluate the scale of
commercialization, an important element in assessing the degree to which SBIR
programs successfully encourage commercialization. The metrics for assessing
commercialization can also be elusive. It’s not straightforward, for example, to
calculate the full value of an “enabling technology” that can be used across indus-
tries. Also elusive is the value of materials that enable a commercial service.?

In light of the difficulties in measuring commercialization effectively, the
Navy SBIR program manager has suggested that a firm’s success in securing
Phase III funding from an agency be substituted for the current weight accorded
commercialization in the Commercialization Achievement Index (CAI) measure
used during the proposal selection competition (the CAl is discussed in more de-
tail in Chapter 6). Given the earlier noted variations in the S&T needs, sizes, and
institutional arrangements of the services and units, applying this performance
measure consistently is not always self evident.

In fact, efforts to identify Phase III results may have been unduly limited. The
initial 1982 SBIR legislation noted that Phase III is not time-bound and can come
long after the end of the Phase II; Phase III can include private sector sales. The
law indicates that commercialization “may also involve non-SBIR, government-
funded production contracts with a federal agency. . . .

Moreover, Phase III funding comes via a wide variety of mechanisms. Firms
receive modifications to add Phase III federal R&D funding to Phase IT SBIR
contracts, they have won production contracts or R&D contracts competitively,
sold to prime contractors, received additional private sector funding, and sold
products commercially. All of these are Phase III activities in accordance with
the legislation and with the SBA policy directive. Consequently, a narrow defi-
nition of Phase III, as a noncompetitively awarded further R&D or production

"These changes are described by R. Archibald and D. Finifter in “Evaluation of the Department
of Defense Small Business Innovation Research Program and the Fast Track Initiative: A Balanced
Approach” in National Research Council, The Small Business Innovation Research Program: An
Assessment of the Department of Defense Fast Track Initiative, Washington, DC: National Academy
Press, 2000.

8For a discussion of this and related methodological challenges, see, National Research Council,
Assessment of the Small Business Innovation Research Program—Project Methodology, Washington,
DC: The National Academies Press, 2004, accessed at <http://books.nap.edu/catalog.php ?record
_id=11097#toc>.

9U.S. Government Accounting Office, Federal Research: Small Business Innovation Research
Shows Success but Can Be Strengthened, GAO/RCED-92-37, op. cit., p. 14.
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contract, and one that is only captured if properly entered in the DD350 report is
too limited as an approach.

In addition, DD350 documentation of Phase III funding does not occur until
at least 1 year following completion of any Phase II enhancement awards, the
form itself is often not filled out completely or appropriately, as data tests run by
BRTRC indicate.!? DoD staff indicate that Navy makes a considerable effort to
ensure that its DD350 forms fully capture SBIR Phase III activities to the maxi-
mum extent possible. Other agencies do not.!!

In sum, while they do provide one important measure of commercializa-
tion and one that could be used more effectively, under current circumstances,
the DD350 reports may not provide sufficiently comprehensive or accurate data
on which to make definitive determinations about the success of DoD SBIR
commercialization. Indeed, the multiple goals of the SBIR program mean that
multiple measures are appropriate for evaluation.

4.2.2 Proposed Commercialization Indicators and Benchmarks

This report uses three sets of indicators to quantitatively assess commercial-
ization success:

1. Sales and licensing revenues (“sales” hereafter, unless otherwise noted).
Revenues flowing into a company from the commercial marketplace constitute
the most obvious measure of commercial success. They are also an important
indicator of uptake for the product or service. Sales indicate that the result of a
project has been sufficiently positive to convince buyers that the product or service
is the best available solution.

Yet if there is general agreement that sales are a key benchmark, there is
no such agreement on what constitutes “success.” Companies, naturally enough,
focus on projects that contribute to the bottom line—that are profitable. Agency
staff provide a much wider range of views. Some view any sales a substantial
success for a program focused on such an early stage of the product and develop-
ment cycle, while others seem more ambitious.!> Some senior executives in the
private sector viewed only projects that generated cumulative revenues at $100
million or more as a complete commercial success.!3

Rather than seeking to identify a single sales benchmark for “success,”
it therefore seems more sensible to simply assess outcomes against a range of

19Peter Cahill, BRTRC, private communication, December 1, 2006.

"Michael Caccuitto, DoD SBIR/STTR Program Administrator, Interview, November 28, 2006.

Interviews with SBIR program coordinators at DoD, NIH, NSF, and DoE.

Bpete Linsert, CEO, Martek, Inc., Meeting of the Committee for Capitalizing on Science, Tech-
nology, and Innovation: An Assessment of the Small Business Innovation Research Program, June
5, 2005.
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benchmarks reflecting these diverse views, with each marking the transition to a
greater level of commercial success:

a. Reaching the market—A finished product or service has made it to
the marketplace.

b. Reaching $1 million in added cumulative sales (beyond SBIR Phases
I and II)—The approximate combined amount of standard DoD Phase I and
Phase IT awards.

c. Reaching $5 million in cumulative sales—A modest commercial
success that may imply that a company has broken even on a project.

d. Reaching $50 million in cumulative sales—A full commercial
success.

2. Phase III activities within DoD. As noted above, Phase III activities
within DoD are a primary form of commercialization for DoD SBIR projects.
These activities are considered in Section 4.3 and Chapter 5.

3. R&D investments and research contracts. Further R&D investments
and contracts are good evidence that the project has been successful in some sig-
nificant sense. These investments and contracts may include partnerships, further
grants and awards, or government contracts. The benchmarks for success at each
of these levels should be the same as those above, namely:

Any R&D additional funding.

Additional funding of $1 million or more.
Additional funding of $5 million or more.
Funding of $50 million or more.

&0 o

4. Sale of equity. This is a less clear-cut indicator of commercial success.
but it is unlikely investors or competitors would buy equity in a company that
had not shown its ability to produce something of significant value. Key metrics
include:

a. Equity investment in the company by independent third party.
b. Sale or merger of the entire company.

4.2.3 Sales and Licensing Revenues from DoD SBIR Awards

The most basic of all questions on commercialization is whether a project
produced a good or service that reached the marketplace. Figure 4-1 shows
the status of surveyed projects. It shows that only a fairly small percentage of
SBIR projects have been discontinued with no hope of ever generating sales (26
percent), though it is likely that a significant portion of the projects currently in
development will also fail to achieve significant commercial success.
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An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

OUTCOMES 91
No ?r;n/swer Phase Il Project not
(1%) completed yet
Discontinued/abandoned / (5%) Projects in development,
- no sales expecting sales

(26%) (18%)
Projects in
—— development,
not expecting sales
(4%)

Projects with some sales/revenues
(46%)

FIGURE 4-1 Status of surveyed projects.

NOTE: The NRC deployed two surveys to the population of Phase II recipients as part of
the research conducted for this project. The NRC Phase II Survey focused on individual
projects. In addition, the NRC Firm Survey was sent to every firm receiving a Phase II
award between 1992 and 2001, and focused on firm-level questions. Unless otherwise
stated, all references here to the NRC Survey are to the project survey.

SOURCE: NRC Phase II Survey.

These data indicate that 46 percent of surveyed projects reported some
revenues from their project; a further 18 percent were still in development and
expected sales, and 5 percent had not yet completed Phase II.

4.2.3.1 Sales Ranges

Early-stage technology projects are inherently risky. As a result, there is a
very skewed distribution of results. Many projects generate no commercial results
at all, and relatively few of those that do reach the market have substantial com-
mercial successes (see Figure 4-2).

The data suggest that at DoD—as at other agencies—the overwhelming
majority of sales are concentrated in the $0-$1 million range. Ten percent of
reporting projects generated at least $5 million in revenues, while more than 65
percent of respondents with sales reported total sales of less than $1 million rev-
enues (as of May 2005, the date of the survey). As a result of this very skewed
distribution, the mean amount of sales for all companies that reported sales was
$2,894,834, while the median was $500,000.

Underreporting of Sales Results. The average total sales for older projects
is much higher than for recent ones. In fact, the average sales for the 176 reporting
DoD projects awarded Phase II contracts from 1992 to 1994 was $2.78 million,
whereas the average sales for the 415 reporting DoD projects awarded Phase 11

Copyright © National Academy of Sciences. All rights reserved.
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FIGURE 4-2 Sales by sales range.
SOURCE: NRC Phase II Survey.

contracts between 1999 to 2001 was only $982,000. This difference in part re-
flects the number of recent awardees whose products have yet to be commercially
introduced or fully exploited commercially. Reported aggregate and average sales
data up through the survey date of May 2005 are therefore only a partial estimate
of the total commercial impact of the 920 awards covered by the NRC Phase II
Survey.'* According to former senior DoD staff, average major DoD weapons
system R&D cycle is approximately 12 years (before production)—so SBIR

14Using the trendline shown in Figure 4-3, we find that the best fit generates average sales of ap-
proximately $5.5 million per project for those with awards in 1992, declining to averages sales of $1
million for those in 2001. Note that these data cover only firms reporting some sales. The trendline
gives us a means of estimating the eventual sales generated by each project, using simplified as-
sumptions (notably, that all sales end by May 2005 (the date of the NRC Phase II Survey), and that
commercialization remains constant across time (in fact, it is likely to have increased as agencies
have increased their focus on supporting projects with better prospects of commercial success). Other
assumptions tend to reduce the size of the estimated revenues.

Using these estimates to project forward, we find that by the time commercialization of all projects
is completed (i.e., ten years after the last project funded, or 2011), total revenues generated by the
projects reporting revenues so far is $2.13 billion.

These data suggest that the reported revenues as of May 2005 may understate eventual total rev-
enues as of 2011 by as much as 50 percent.
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FIGURE 4-3 Average sales, by year of award, plus trendline.
SOURCE: NRC Phase II Survey.

FIGURE 4-

TABLE 4-1 Reported and Projected Revenues for
Companies that Reported Sales as of May 2005

Amount ($)

1,094.0

Reported Sales (Millions of Dollars) 1,040.5

Total Sales (Millions of Dollars) 2,134.5
Average Sales per Project with Sales ($) 5,646,787
Average Sales per Project—All Projects ($) 2,151,699

SOURCE: NRC Phase II Survey.

No Response —
(0%)

Phase Il Not
Complete (5%)

Sales Not
Eng ;ted Reported
(31%) Sales (46%)

Sales
Expected

(18%)

4 Reported sales and expectations.

SOURCE: NRC Phase II Survey.
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TABLE 4-2 For Companies Anticipating Sales, Year of Expected

First Sale

Year of Expected Sales Number of Projects Percent of Projects
2005 37 22.0

2006 70 41.7

2007 31 18.5

2008 18 10.7

2009 5 3.0

2010 7 42

Total 168

NOTE: Survey Date: 2005.
SOURCE: NRC Phase II Survey.

products for defense sales would tend to have a long time lag.!> Thus, Figure 4-3
should not be taken to mean that sales are declining; it largely reflects the extent
of the lag in DoD-oriented sales.

Sales Concentration. Total revenues from sales are highly concentrated in
the very few projects that have generated at least $5 million in cumulative rev-
enues. Just under 75 percent of all cumulative sales were accounted for by the 38
projects (out of 920 overall) that reported at least $5 million in sales. This very
high concentration confirms the view that from the perspective of sales, the SBIR
program at DoD generates a few major winners, rather than a more widely dis-
persed range of more modest successes. This is similar to commercial outcomes
from early-stage R&D programs.

4.2.3.2 Sales Expectations

About a quarter of projects reported that they expected sales in the future.
Of those companies not yet reporting sales on their projects, about 67 percent
still expect them.

Most of the respondents that had not yet received sales expected sales to
come in the very near future, as shown by Table 4-2. Of those expected sales, 80
percent anticipated that their first sale would occur within 3 years.

The data in Figure 4-5 show, for projects that have received sales, the time
that elapsed between the Phase II award and the first sales. Survey responses
indicate that 87.6 percent of first sales occurred within 4 years of the award date.
This relatively short time from award to first sale is supported by the comments
of John Williams, Navy SBIR Manager.'® However, it must be stressed that

5Dr. Jacques Gansler, former Under Secretary of Defense for Acquisition, Technology and Logis-
tics, January 29, 2007.

16John Williams, U.S. Navy SBIR program manager, presentation at SBTC SBIR in Rapid Transi-
tion Conference, Washington, DC, September 27, 2006.
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FIGURE 4-5 Time elapsed between award and first sales—frequency distribution.
SOURCE: NRC Phase II Survey.

interviews and cases strongly support the view that the bulk of sales will occur
some years after the date of first sale. The latter is therefore best seen as a lead-
ing indicator for sales.

These data from the NRC’s May 2005 Phase II Survey help us to evaluate
claims of companies that they will generate sales in the future. About 25 percent
of all DoD survey respondents made this claim. However, the likelihood of
commercialization diminishes substantially with time elapsed since the award.
Projects still expecting sales are clustered toward the 2000-2001 timeframe, but
even here the likely window of opportunity for success appears to be closing
rapidly. The median time to first sale is before the end of the second year after
the award.

This analysis suggests that though a considerable number of companies
anticipate sales in the future, the actual likelihood of this occurring is relatively
low. By the start of the 9th year after the Phase II award is made, 99 percent of
projects that will eventually report sales have done so; the likelihood a project
without sales reporting sales after the 8th year is less than 1 percent. Similarly,
projects not reporting sales by the start of year five have a 13.8 percent chance
of eventually reporting sales (to put it yet another way, by the end of the fourth
year after the award year, 86.2 percent of projects that eventually make sales will
have started to do so).!”

Table 4-3 helps us to determine likely revenues for companies that expect

"This is not to say that all sales will have been completed by the end of that year, only that it
is quite reasonable to apply these percentages to the more recent awards, as a way of estimating
eventual sales data.

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 4-3 Total Projected Sales for Companies Without Sales That Still

Expect Them
Projects Historical Success Projected Total Revenues

Year of Award Expecting Sales Percentage &)

1992 3 0.0 0
1993 4 0.0 0
1994 4 0.3 58,730
1995 8 0.8 352,381
1996 6 0.3 88,095
1997 13 0.3 190,873
1998 18 2.4 2,378,571
1999 19 3.7 3,905,556
2000 32 4.8 8,457,143
2001 61 10.1 34,034,127
Total 49,465,476

NOTE: Projected sales are calculated by multiplying the number of companies reporting that they
still expect sales, by the percentage likelihood that a company in that award year will in fact generate
sales, by the average total sales for all companies that did record more than $0 in sales.

SOURCE: NRC Phase II Survey.

them, based on historical records. The total projected revenues for these compa-
nies is relatively low—about $50 million, or less than 2.5 percent of all projected
sales. We can therefore conclude that while ongoing revenues from companies
with some sales in hand will be relatively large (see above), the revenues ex-
pected from companies that had not yet reported some sales as of May 2005 are
likely to be of limited significance.

These findings suggest that while the product cycle for the entire defense
industry may be long—a well-known characteristic of major defense systems—
the first sales cycle for most SBIR-related products is actually relatively short.
Most successful project start receiving initial sales revenues within 4 years of
the award, while large sales tend to come considerably later due to the defense
procurement cycle. '3

Sales and Projected Sales: Conclusions. The NRC Phase II Survey pro-
vided the following summary data regarding sales and projected sales:

e 378 out of a total of 920 respondents ( 41.1 percent) report sales greater
than $0.

»  The average reported sales is $1.3 million for all projects (n=920), and
$3.2 million for those reporting sales greater than $0 (n=378).!?

!8This paragraph concerns only first sales. The bulk of sales occur at some unknown period after
the first sale.

“When projected out to 2011, estimated average sales per project are $5.6 million for projects
already reporting some sales, and $2.2 million for all projects.
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TABLE 4-4 Customer Base

Customer Percent of Total Sales
Domestic private sector 21
Department of Defense 38
Prime contractors for DoD or NASA 12
NASA 1
Other federal agencies 1
State or local governments 1
Export markets 11
Other 16
Total 100

SOURCE: NRC Phase II Survey.

*  Finally, additional sales from projects with no reported sales as of May
2005 are likely to be of limited importance—less than $50 million in total.?’

4.2.3.3 Sales by Sector

The NRC Phase II Survey asked respondents to identify the customer base
for their products. The responses are summarized in Table 4-4.

While the fact that half of sales went either to DoD or DoD/NASA prime
contractors is not surprising, the balance between the two is somewhat at odds
with comments made by many interviewees and speakers at the NRC Phase I1I
conference. Those comments indicated that it was very hard for SBIR firms to sell
directly to DoD and that sales had to be mediated through the primes. The data
above suggest that this is much less the case than conventional wisdom would
suggest, as more than one-third of sales went directly to DoD, and these sales
constitute the largest single sector market for DoD SBIR recipients. However,
it is also possible that the question was asked with insufficient precision, or that
some of these were limited sales—e.g., prototypes to DARPA.

Phase II projects lead to several forms of new products and processes, with
some new technologies having multiple characteristics. Allowing for more than
one response, the most prevalent form reported was “hardware” (60 percent),
which may occur as a final product, component, or intermediate product. “Hard-
ware” was followed by “software” (32 percent) and “process technology” (23
percent). Of note is that some reported outputs occur in the forms of “new or
improved service capability” (18 percent) and “research tool” (15 percent).?!

20However, given the highly skewed nature of sales outcomes, it is entirely possible that one of the
companies that does reach the market after May 2005 will turn out to be a major success, but there
is no way of predicting whether that will be the case.

210ther federal agencies report a significantly higher percent of research tools and educational
materials (26 percent and 13 percent respectively for the other four agencies in aggregate).
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BOX 4-1
Multiple Sources of Bias in Survey Response

Large innovation surveys involve multiple sources of bias that can skew the results
in both directions. Some common survey biases are noted below. These biases were
tested for and responded to in the NRC surveys.?

* Successful and more recently funded firms are more likely to respond.
Research by Link and Scott demonstrates that the probability of obtaining research
project information by survey decreases for less recently funded projects and it in-
creased the greater the award amount.? Nearly 40 percent of respondents in the NRC
Phase Il Survey began Phase | efforts after 1998, partly because the number of Phase |
awards increased, starting in the mid-1990s, and partly because winners from more
distant years are harder to reach. They are harder to reach as time goes on because
small businesses regularly cease operations, are acquired, merge, or lose staff with
knowledge of SBIR awards.

* Success is self-reported. Self-reporting can be a source of bias, although
the dimensions and direction of that bias are not necessarily clear. In any case,
policy analysis has a long history of relying on self-reported performance measures to
represent market-based performance measures. Participants in such retrospectively
analyses are believed to be able to consider a broader set of allocation options, thus
making the evaluation more realistic than data based on third-party observation.¢ In
short, company founders and/or principal investigators are in many cases simply the
best source of information available.

* Survey sampled projects at firms with multiple awards. Projects from firms
with multiple awards were underrepresented in the sample, because they could not
be expected to complete a questionnaire for each of dozens or even hundreds of
awards.

* Failed firms are difficult to contact. Survey experts point to an “asymmetry”
in their ability to include failed firms for follow-up surveys in cases where the firms no
longer exist.? It is worth noting that one cannot necessarily infer that the SBIR project
failed; what is known is only that the firm no longer exists.

* Not all successful projects are captured. For similar reasons, the NRC
Phase Il Survey could not include ongoing results from successful projects in firms
that merged or were acquired before and/or after commercialization of the project’s
technology. The survey also did not capture projects of firms that did not respond to
the NRC invitation to participate in the assessment.

* Some firms may not want to fully acknowledge SBIR contribution to proj-
ect success. Some firms may be unwilling to acknowledge that they received impor-
tant benefits from participating in public programs for a variety of reasons. For example,
some may understandably attribute success exclusively to their own efforts.

* Commercialization lag. While the NRC Phase Il Survey broke new ground in
data collection, the amount of sales made—and indeed the number of projects that
generate sales—are inevitably undercounted in a snapshot survey taken at a single
point in time. Based on successive data sets collected from NIH SBIR award recipients,
it is estimated that total sales from all responding projects will likely be on the order
of 50 percent greater than can be captured in a single survey.® This underscores the
importance of follow-on research based on the now-established survey methodology.
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FIGURE B-4-1 Survey bias due to commercialization lag.

These sources of bias provide a context for understanding the response rates to
the NRC Phase | and Phase Il Surveys conducted for this study. For the NRC Phase Il
Survey for DoD, of the 2,191 firms that could be contacted out of a sample size of
3,055, 920 responded, representing a 42 percent response rate. The NRC Phase |
Survey captured 9 percent of the 13,103 awards made by DoD between 1992 to 2001.
See appendixes B and C for additional information on the surveys.

4For a technical explanation of the sample approaches and issues related to the NRC surveys,
see Appendix B.

bAlbert N. Link and John T. Scott, Evaluating Public Research Institutions: The U.S. Advanced
Technology Program’s Intramural Research Initiative, London: Routledge, 2005.

“While economic theory is formulated on what is called “revealed preferences,” meaning individu-
als and firms reveal how they value scarce resources by how they allocate those resources within a
market framework, quite often expressed preferences are a better source of information especially
from an evaluation perspective. Strict adherence to a revealed preference paradigm could lead to
misguided policy conclusions because the paradigm assumes that all policy choices are known and
understood at the time that an individual or firm reveals its preferences and that all relevant markets
for such preferences are operational. See (1) Gregory G. Dess and Donald W. Beard, “Dimensions
of Organizational Task Environments,” Administrative Science Quarterly, 29: 52-73, 1984. (2) Albert
N. Link and John T. Scott, Public Accountability: Evaluating Technology-Based Institutions, Norwell,
MA: Kluwer Academic Publishers, 1998.

dAlbert N. Link and John T. Scott, Evaluating Public Research Institutions: The U.S. Advanced
Technology Program’s Intramural Research Initiative, op. cit.

¢Data from NIH indicates that a subsequent survey taken two years later would reveal very
substantial increases in both the percentage of firms reaching the market, and in the amount of
sales per project. See National Research Council, An Assessment of the SBIR Program at the
National Institutes of Health, Charles W. Wessner, ed., Washington, DC: The National Academies
Press, 2009.

Copyright © National Academy of Sciences. All rights reserved.




An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

100 SBIR AT THE DEPARTMENT OF DEFENSE

4.2.3.4 Sales by Size of Company (Employees)

Another important question is whether the size of a SBIR contract recipient
seems to significantly affect commercialization. It would seem, for instance, that
companies that are extremely small would have more difficulty managing both
the research and marketing functions needed for commercial success.

The data shown in Table 4-5 indicates that very small companies do tend to
have less commercialization success (as measured by cumulative sales).

Further analysis suggests that companies larger than 25 employees report
significantly better sales outcomes, as shown by Table 4-6.

Companies with more than 25 employees seem to consistently outperform
companies with less than 25 employees, in terms of projects that generate at least
$5 million in sales. The former account for 31.5 percent of all responding proj-
ects, but 74.5 percent of all projects reporting sales of at least $5 million.

One possible hypothesis for explaining this difference, based on discussions
at the NRC Phase III Conference and with case study companies, might be that
acquisitions officers are more comfortable engaging with larger and presumably
more stable companies that will likely have a longer track record (all other things
being equal).

4.2.3.5 Sales by Licensees

Licensing revenues are an important source of commercialization activity for
SBIR companies. Indeed, interviews with staff and awardees suggest that in some

TABLE 4-5 Cumulative Project Sales by Company Size at Time of Survey

Cumulative Project Sales (Number of Projects)

Number of $100K to $1IM to $5M to

Employees <$100K <$IM <$5M <$50M >$50M Total Percent
0-5 19 33 6 2 60 15.8
6-10 12 24 9 6 51 13.5
11-15 12 21 10 3 46 12.1
16-25 8 19 24 2 53 14.0
26-50 7 21 17 17 62 16.4
51-100 6 12 20 8 46 12.1
101-250 6 20 8 5 39 10.3
251-500 1 5 6 5 2 17 5.0
500+ 0 2 0 1 3 0.8
Missing

Total 71 157 100 49 2 377

Percent 18.7% 41.4% 26.4% 12.9% 0.5% 100.0%

SOURCE: NRC Phase II Survey.
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TABLE 4-6 Sales Outcomes by Size of Company at Time of Survey

Sales Outcomes (Percent Distribution)

Number of $100Kto  $IMto $5Mto Percent of
Employees <$100K < S$IM <$5M <$50M  >$50M  responses  Percent
0-5 31.7 55.0 10.0 33 0.0 15.8 100.0
6-10 23.5 47.1 17.6 11.8 0.0 13.5 100.0
11-15 26.1 45.7 21.7 6.5 0.0 12.1 100.0
16-25 15.1 35.8 453 3.8 0.0 14.0 100.0
26-50 11.3 33.9 27.4 27.4 0.0 16.4 100.0
51-100 13.0 26.1 43.5 17.4 0.0 12.1 100.0
101-250 15.4 51.3 20.5 12.8 0.0 10.3 100.0
251-500 5.3 26.3 31.6 26.3 10.5 5.0 100.0
500+ 0.0 66.7 0.0 333 0.0 0.8 100.0
All Responses 18.7 41.4 26.4 12.9 0.5 100.0 100.0

SOURCE: NRC Phase II Survey.

important cases, SBIR has been commercialized primarily not by the awardee
company, but by a licensee.

The NRC Phase II Survey asked respondents to estimate sales by licensees.
Table 4-7 shows what they reported.

As with direct sales data, these responses suggest both that a large majority
of licensee sales are less than $1 million, and that there are a few very substan-
tial licensing streams. However, this is an area that seems to be underreported
in the survey. This may be due to a lack of information, as indicated by the
considerable number of firms reporting sales by licensees, but no first date for
those sales. Total sales reported for licensees were $124.9 million. Of this, $88
million (70.5 percent) came from the 6 projects reporting more than $10 million
in licensee sales.

Case analysis also suggests that for some technologies, licensing may be the
only realistic method of commercializing a product. For many research compa-

TABLE 4-7 Sales by Licensees

Count Percent
>0 and <$1M 17 51.5
$1M to <$5M 10 30.3
$5M to <$10M 2 6.1
$10M to <$50M 4 12.1
$50M+ 0 0.0
Total 33 100.0

SOURCE: NRC Phase II Survey.
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nies, the decision to begin manufacturing is seen as a high-risk venture that is
often rejected in favor of a licensing-based strategy.

4.2.3.6 Employment Effects

4.2.3.6.1 Employment Effects

Employment analysis provides another method for identifying commercial
success; it also offers another indication of support for small business.

The median size of company receiving SBIR awards at DoD is relatively
small—far lower than the 500 employee limit imposed by the SBA (as shown
in Table 4-8).

Just over 41 percent of respondents had 15 or fewer employees, while about
15 percent had more than 100. Three firms exceeded the 500-employee SBA limit
for participation in the SBIR program (having grown since receiving the award).
The median size of SBIR awardees at the time of the award was 10 employees;
62 percent of respondents had 15 employees or fewer.

Although employment is not a direct indicator for commercialization, it
is clear that the two are related. Commercialization tends to require additional
staff, and that additional staff requires additional revenues to support it. Those
revenues, in turn, normally have to come from successfully commercializing a
product.

4.2.3.6.2 Employment Gains

The NRC Phase II Survey sought detailed information about the number of
employees SBIR awardees had at the time of the relevant award, the number of
employees the awardees had at the time of the survey, and the estimated direct
impact of the award on employment. Overall, it showed that the average employ-
ment gain at each responding firm since the date of the SBIR was 29 full-time

TABLE 4-8 Distribution of Companies, by Employees, at
Time of the Survey

Number of Employees Number of Firms Percent of Firms
0-5 60 15.9
6-10 51 13.5
11-15 46 12.2
16-25 53 14.1
26-50 62 16.4
51-100 46 12.2
101-250 39 10.3
251-500 17 4.5
500+ 3 0.8
Total 377 100.0

SOURCE: NRC Phase II Survey.
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equivalent (FTE) employees. In addition, on average, respondents estimated that,
specifically as a result of the SBIR project, their firms were able to hire 2.5 FTE
employees, and to retain 2.3 more.??

The NRC Phase II Survey results do track with information from case stud-
ies, where several interviewees noted that a Phase II award typically funded the
addition of slightly more than one full-time researcher for two years plus over-
head?? but firms then grew on future sales and third-party funding.

Respondent firms report modest employment growth as a result of the spe-
cific SBIR award addressed in the survey. Forty-eight percent of respondents
reported that they had added no employees as a result of receiving the Phase II
award; 42 percent reported adding between one to five additional employees to
work on the project. Five percent reported adding between 6-20 employees, and
only two percent reported adding more than 20.24

Eight percent of firms were true “start-ups” at the time of the surveyed
award, having no employees.?’ At the time of their responses to the survey, only
one percent of the firms remained in this category. At the time they submitted the
Phase II proposal, 67 percent of SBIR awardees had 20 employees or fewer. In
2005, when they completed the survey, the firms had grown, and this percentage
had dropped to 48 percent. At the upper end of the distribution, whereas 13 per-
cent of respondents had between 21-50 employees at the time of their proposal
submission and only eight percent had more than 100 employees, these firms had
also grown, and these percentages had increased to 22 percent and 18 percent
respectively by 2005.

4.2.4 Additional Investment, Funding, and Other Partnerships

Post-SBIR investment in a company is a powerful validation that its work
is of value. About 53 percent of DoD respondents said that they had received
some additional funding related to the surveyed project, other than further SBIR
awards. As with sales, the distribution of funding is highly skewed, with a few
companies receiving most of the additional investment (see Table 4-9).

The average investment was about $850,000 ($1.6 million per project if only
those that received additional funding are counted).

22NRC Phase II Survey, Questions 16b and 16c.

2Interview with Josephina Card, Sociometrics, Inc.

24See the remarks by Joshua Lerner of the Harvard Business School in National Research Council,
The Small Business Innovation Research Program: Challenges and Opportunities, Charles W. Wess-
ner, ed., Washington, DC: National Academy Press, 1999, p. 23.

250ther than the founder, who may not have been drawing full-time equivalent income from the
award.
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An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

OUTCOMES 105

TABLE 4-9 Further Investments in SBIR Projects

Number of Responses Investment ($)
$50M+ 2 106,700,000
$5M to <$50M 32 324,151,193
$1M to <$5M 96 202,819,919
$100K to <$1M 241 90,112,919
<$100K 80 3,291,603
Total Investments 451 727,075,634
Average 1,612,141
No additional investment 402 0
Average (all responses) 852,375

SOURCE: NRC Phase II Survey, DoD awards database.

4.2.4.1 Sources of Investment Funding

Conventional wisdom is that the bulk of funding for near-market develop-
ment comes from venture capitalists and angel investors. However, data from the
NRC Phase II Survey—shown in Table 4-10—do not validate the conventional
view.

About one-quarter of all further investments come from non-SBIR federal
funds, while only 3.8 percent are from U.S. venture capital companies. However,
the picture does change somewhat when we consider the amount of funding,
rather than the number of investments (see Figure 4-7 and Table 4-11).

TABLE 4-10 Sources of Investment Funding (NRC)

Number of
Source of Investment Investments Percent
Non-SBIR Federal Funds 205 25.8
Private Investment from U.S. Venture Capital 30 3.8
Your Own Company 274 34.4
Private Investment from Other Private Equity 55 6.9
Private Investment from Other Domestic Private Company 105 13.2
Private Investment from Foreign Investment 19 24
Personal Funds 65 8.2
State or Local Government 31 39
College or Universities 12 1.5
Total 796 100.0

SOURCE: NRC Phase II Survey.
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TABLE 4-11 Average Additional Funding by Category, for Firms That
Received Additional Investment in Each Category.

Number of Average Investment

Source of Investment Investments Reported %)

Non-SBIR Federal Funds 205 1,621,339
Private Investment from U.S. Venture Capital 30 5,192,267
Your Own Company 274 305,257
Private Investment from Other Private Equity 55 1,292,124
Private Investment from Other Domestic Private 105 500,981

Company

Private Investment from Foreign Investment 19 810,788
Personal Funds 65 215,597
State or Local Government 31 178,608
Colleges or Universities 12 138,939

SOURCE: NRC Phase II Survey. See also Table App-A-37.

While venture funding did not provide the largest total amount of additional
support, it did offer the largest average support per project funded, at $5.2 million
per project. This is in line with the growing size of VC-funded deals, which in
2007 averaged at $8 million per project.?®

However, venture funding supported only 30 projects—Iess than 4 percent
of the 920 responses. Of course, the relatively small number of VC investments
overall means that SBIR-funded companies may still account for a significant
share of all VC investments.?’

Self-finance continues to be the source of additional funding for many com-
panies. More than one-third of respondents with additional funding indicated
that additional funds came from their own company, although this accounted for
only 1 percent of total funding received. Just under 10 percent reported funding
from other private equity sources, which seems in most cases likely to mean an-
gel funding. The widespread use of private investment funding (probably angel

26According to the 2007 First Quarter Capital Report by Dow Jones VentureOne and Ernst &
Young, LLP, “The median deal size reached $8 million, up from $7 million in the first quarter of
2006 and making it the highest quarterly median round size since the fourth quarter of 2000.” Ernst
and Young, “U.S. Venture Capital Investment Increases to 8 percent to $6.96 Billion in First Quarter
of 2007,” April 23, 2007. Accessed at <http://www.ey.com/global/content.nsf/US/Media_-_Release_-
_04-23-07DC> on May 24, 2007.

?"In fact, venture capital firms often use SBIR as a signal of quality in making investment decisions.
According to John Cottrell of L3 Communications, 12 percent of U.S. VC investment has involved
firms with SBIR funding. John Cottrell, L3 Communications. Presentation at SBTC SBIR in Rapid
Transition Conference, Washington, DC, September 27, 2006.
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funding) is not surprising, and the average amount invested is $1.2 million per
funded project.

Investments from state and local government and academic sources played
a limited role in terms of numbers and amount of funding provided (less than 5.5
percent of all investments in projects with additional funding). These sources also
provided relatively low amounts of funding per project.

4.2.4.2 SBIR Impact on Further Investment

The NRC Phase II Survey also sought additional information about the
impact of the SBIR program on company efforts to attract third-party funding.
Some case study companies mentioned that SBIR awards can have a “halo ef-
fect,” acting as a form of validation for external inventors.?®

Case study interviews provided mixed views on this perception. Some inter-
viewees strongly supported the view that SBIR helps to attract investment, while
others claimed that the halo effect was weaker than commonly thought—views
that may reflect the individual firm or university experience.

Forty-six percent of DoD SBIR respondents did not attract any outside fund-
ing, and venture funding only accounted for 3.8 percent of investments. This
suggests that an SBIR award is in itself no guarantee of further external funding,
or (possibly) that outside funding was not needed.

4.2.5 Additional SBIR Funding

Aside from third-party investment, the federal government in many cases
makes further investments via the SBIR programs itself. The NRC Phase II Sur-
vey attempted to determine how many additional SBIR awards followed each
initial award.

The data shown in Table 4-12 indicate that 43.5 percent of respondent proj-
ects had at least one related SBIR award. These data suggest that while SBIR
awards are to some extent concentrated, this effect is not overwhelming. 56.5
percent of respondents report no additional related SBIR awards at all, although
small businesses reported that it takes multiple awards (often complementary) to
build a product for effective sale.

2E.g., Neurocrine, Illumina. See National Research Council, An Assessment of the SBIR Pro-
gram at the National Institutes of Health, Charles W. Wessner, ed., Washington, DC: The National
Academies Press, 2009, Appendix D. See also Maryann Feldman “Assessing the ATP: Halo Effects
and Added Value” in National Research Council, The Advanced Technology Program: Assessing
Outcomes, Washington, DC: National Academy Press, 2001.
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TABLE 4-12 Related SBIR Awards

Number of Number of

Phase II Awards Companies Percent

28 1 0.1
9 1 0.1
7 4 0.5
6 6 0.7
5 12 1.5
4 23 2.8
3 29 3.6
2 106 13.0
1 172 21.2
0 459 56.5

SOURCE: NRC Phase II Survey.

4.2.6 Sales of Equity and Other Corporate-level Activities

The NRC assessment explored the different types of activities ongoing or
completed among surveyed companies.

The data in Table 4-13 show that marketing-related activities were most
widespread, with licensing agreements related to 33.4 percent of projects, and
marketing/distribution agreements to 22.5 percent. Agreements likely to involve
the direct transfer of equity were much less common. Only 3.6 percent of respon-
dents reported finalized or ongoing mergers, while only 6.3 percent reported a
sale of the company. Note, however, that the question asked specifically for out-
comes that were the “result of the technology developed during this project”>*—a
very tight description.

Activities with foreign partners were, unsurprisingly, substantially lower
than similar activities with U.S. partners. Again, marketing-related activities were
most widespread.

In addition, the NRC Firm Survey30 determined that three firms (with SBIR
awards at DoD) had had initial public offerings, and that a further three planned
such offerings for 2005/2006. Seventy-five out of 445 companies at all agencies
had established one or more spin-off companies (16.9 percent).?!

The diversity of these outcomes underscores the challenge of early-stage

2NRC Phase II Survey, Question 12.

30The NRC Firm Survey did not assign companies (as opposed to projects) to specific agencies, as
many had received awards from more than one agency.

31The NRC Firm Survey was sent to senior executives at all firms receiving Phase I awards be-
tween 1992 and 2001.
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technology development and the multiple paths followed by small companies as
they partner, license, are acquired, and/or attract additional capital.

Some companies have made a practice of acquiring SBIR firms. Titan Corp.
purchased 12 SBIR-funded companies, and was then acquired itself by L3 Com-
munications. L3 purchased a further 14 SBIR-funded companies, meaning that
it has bought a total of 27 SBIR-funded companies. GE and Invitrogen are other
examples of companies that have made a number of acquisitions among SBIR-
funded companies.3?

Arguably this is a powerful validation of the value expected by some SBIR
awards and the opportunity represented by the technologies developed through
the program. It also underscores the difficulties small companies face in develop-
ing a product set independently.

4.2.7 Initiatives to Improve Commercialization Outcomes

Prior to the 1992 reauthorization of SBIR, DoD agencies focused on using
SBIR to meet DoD research and development goals. Growth in SBIR funding
in late 1980s coincided with an overall reduction in funding for 6.2 (applied)
research.’® Consequently, many DoD laboratories began using SBIR as a substi-
tute for what would have been Broad Agency Announcements (BAA) to get their
research program accomplished. Topics which in prior years would have been
BAA topics were made into SBIR topics. Reportedly, for many topics prior to
1992, topic authors and selection panels paid little attention to the commercial
potential of either a topic or an award. Thus, SBIR was a direct and subordinate
aspect of DoD’s R&D program: it was used when DoD needed to investigate a
technology or wanted a prototype built, but lacked either the funds or the budget-
ary flexibility to take these steps.’*

This was the background against which the increased push for commercial-
ization should be viewed. Consequently, a number of efforts have been made to
improve commercialization outcomes from the SBIR program.

4.2.7.1 DoD Initiatives

During the period after 1992, DoD’s topic generation focus gradually changed,
with increasingly greater emphasis on topics that could result in sales to DoD
or within the commercial marketplace. Several influences contributed to this
changed emphasis. In 1994, the Principal Deputy Under Secretary of Defense for
Acquisitions chartered a Process Action Team (PAT) to develop a comprehensive

32John Cottrell, L3 Communications, Presentation at SBTC SBIR in Rapid Transition Conference,
Washington, DC, September 27, 2006.

3DoD uses a coding system to describe kinds of R&D, ranging from 6.1 (basic research) to 6.7
(testing and deployment). 6.2 is the DoD code for applied research.

34Peter Cahill, BRTRC, private communication, December 1, 2006.
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set of recommendations to improve SBIR contracting and funding processes; in-
crease the commercialization of SBIR research in both military and private sector
markets; and expand program outreach, particularly to socially and economically
disadvantaged small businesses and woman-owned businesses.

These recommendations resulted in a number of changes for the program.
Over the next few years, DoD undertook a wide range of initiatives, including:

e Creation of the Fast Track program, which provided benefits for com-
panies that could show third-party investment in their projects.3

e Efforts to reduce award processing time.

e Establishment of pre-release procedures for each solicitation, allowing
potential applicants to talk with topic authors.

*  Anincrease in outreach activities toward woman and minority business
owners and PIs.

e New efforts to train small business owners in commercialization (see
discussion of the Navy outreach and training program below).

e New requirements that firms identify commercialization strategy in pro-
posals (partly reflecting new congressional mandates in this area).

e Implementation of the Commercialization Achievement Index (CAI),
which created a commercialization metric for multiple Phase II award winners.

For a period in the mid- to late 1990s, the Director of Defense Research and
Engineering (DDR&E) strongly pushed dual-use technology which could find
markets in both the commercial and military sectors. The DoD Office of Small
and Disadvantaged Business Utilization (SADBU) SBIR Program Manager also
emphasized the importance of the commercial sector, on the assumption that
commercially attractive SBIR topics and awards would widen the downstream
market for the technology as well as attract private sector investment, thus reduc-
ing the cost of the technology and making it more affordable for DoD. However,
at the service and component level, the primary emphasis continued to be on what
was good for agency mission needs as defined at the technical monitor level. If
commercial sales resulted, that was a just a bonus.3°

4.2.7.2 The Fast Track Initiative

In 1996, DoD SBIR Solicitation 96.1 established, on a two-year pilot basis,
a “fast track” SBIR process for companies which during their Phase I projects
identified independent third-party investors that would match Phase II SBIR
funding. Fast Track projects received (1) interim SBIR funding between Phases

33See below for a description of this program.
36peter Cahill, BRTRC, private communication, December 1, 2006.
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Iand II, (2) priority for Phase II funding, and (3) an expedited Phase II selection
decision and award.

As early as 1992, DoD’s Ballistic Missile Defense Organization (BMDO)
had begun to reward applications whose technologies demonstrated commercial
private sector interest in the form of investment potential. This BMDO initiative,
called “co-investment,” was effectively an informal “fast track” program. Under
this approach, the evaluation process for Phase II proposals gave preference to
applicants who could demonstrate that they would commit internal funding to the
research or that they had financial or in-kind commitments from third parties to
bring the technology to market in Phase III. With that commitment, applicants
received essentially continuous funding from Phase I to Phase II.

In October 1995, DoD launched a broader Fast Track initiative to attract new
firms and encourage commercialization of SBIR-funded technologies throughout
the Department. With this initiative, DoD sought to improve commercialization
through preferential evaluation and efforts to close the funding gap that could
develop between Phase I and Phase II grants. The Fast Track program addressed
this gap by providing expedited review and essentially continuous funding from
Phase I to Phase II as long as applying firms could demonstrate that they had
obtained third-party financing for their technology. In this context, third-party
financing could mean that another company or government agency had agreed
to invest in or purchase the SBIR firm’s technology; it could also mean a ven-
ture capital commitment to invest in the firm or that other private capital is
available.

The expedited decision-making process for the Phase II award is justified
from the agency’s perspective because outside funding validates the commercial
promise of the technology. More broadly, the Fast Track program sought to ad-
dress the need to shorten government decision cycles in order to interact more
effectively with small firms focused on rapidly evolving technologies.

Based on commissioned case studies, surveys, and empirical research, the
Moore Committee’s 2000 report’’ suggested that the Fast Track initiative was
meeting its goals of encouraging commercialization and attracting new firms to
the program.’® Consequently, the Committee recommended that Fast Track be
continued and expanded where appropriate.

¥ National Research Council, The Small Business Innovation Research Program: An Assessment of
the Department of Defense Fast Track Initiative, op. cit.

38As always, there are caveats and limitations to this research. The first limitation concerns the
relatively short time that the Fast Track program had been in place. This necessarily limited the
Committee’s ability to assess the impact of the program. The case studies and surveys constituted what
was clearly the largest independent assessment of the SBIR program at the Department of Defense,
the study was nonetheless constrained by the limitations of the case-study approach and the size of
the survey sample. The study nevertheless represents the largest external review of the Fast Track
program and SBIR undertaken until the current review.
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4.2.7.3 The Commercialization Achievement Index (CAI)*

The efforts to increase the focus on and the success of commercialization
led to the introduction of the Commercialization Achievement Index (CAI) in
1999. Companies with five or more Phase II awards were required to submit data
about commercial outcomes as part of the application process for further awards.
Following review of its SBIR and STTR programs as part of OMB’s Program
Assessment Rating Tool (PART) process, DoD modified the CAI reporting re-
quirements in its FY2006 SBIR Program Solicitation. The new requirements
(Section 3.5d) specify that:

a. Firms with four or more completed Phase II projects will receive a CAI
score. Formerly, a CAI score was assigned only to firms with five or more com-
pleted Phase II projects.

b. Firms with a CAI at the 10th percentile or below may receive no more
than half of the evaluation points available for commercial potential criteria. For-
merly this provision applied to firms with a CAI at the 5th percentile or below.

c.  DoD will now comprehensively examine the company commercializa-
tion review (CCR) data supplied by all firms participating in the program. For-
merly, the review consisted mainly of periodic cross-checks.

The projected effect of these changes is to (a) slightly increase the number
of firms whose new proposals are subject to criteria relating to past commercial-
ization results, and (b) reduce the evaluation scores of more firms whose prior
Phase II projects have not produced desirable levels of commercialization relative
to other awardees.

CAI—A positive development? Efforts to find metrics for commercializa-
tion should be applauded. Eventual insertion of SBIR-developed products and
services into DoD acquisition programs is an important objective of the program.
Finding ways to ensure that money is targeted to firms with a good commercial-
ization records ensures a positive return to the program (although it also implies
multiple awards to a single firm).

However, the case histories suggest that developing such metrics is challeng-
ing. The length of time needed for the development of a commercially viable
technology or for market demand to match an emerging technology may be lon-
ger than allowed for in the CAI Thus the CAI may not be a sufficiently accurate
measure of the commercial impact of SBIR-funded technologies at DoD for its
use to be expanded further with the current metrics.

3The Company Commercialization Report (CCR) was first required in DoD SBIR Solicitation 93.2
as a result of the 1992 SBIR reauthorization. The CCR was redefined and formatted as Appendix E
to any proposal in DoD SBIR Solicitation 96.1. The CCR became an electronic submission with an
embedded evaluation of a firm’s history of commercializing prior Phase II awards, the Commercial-
ization Achievement Index (CAI), in DoD SBIR Solicitation 99.2.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

OUTCOMES 115

It is also worth pointing out that CAI is a limited tool focused exclusively
on commercialization. SBIR’s other objectives are not addressed. Moreover, use
of the CAI omits several important economic benefits of the SBIR program that
contribute to the viability, growth, and profitability of small firms. These compo-
nents of value are discussed in other sections of this chapter.

Thus, while CAI is undoubtedly a useful tool, it is important that DoD—and
the selection process in particular—remain aware of its limitations.

4.2.8 Commercialization: Conclusions

As noted in the introduction to this section, there is no single metric for
identifying commercial success. Instead, multiple indicators, and multiple metrics
within those indicators, are needed to develop a broad assessment of commercial-
ization within the DoD SBIR program.

This assessment supports the view that there has been considerable effort to
bring SBIR projects at DoD to the market, with some substantial success. Even
though the number of spectacular commercial successes (as is typical in most
early-stage research efforts) has been few, the overall commercialization effort
is substantial.*

Products are coming to market and significant licensing and marketing ef-
forts are underway for many projects. Approximately 40 percent of projects
generate products or services that eventually reach the marketplace (an unusually
high percentage). These data all paint a picture of a program where the commer-
cialization objective is well understood by award recipients and by the agency.

Overall, integrating survey findings and case study narratives suggests that
firm experiences under the DoD SBIR program do not appear to differ markedly
from private sector firms that invest in their own R&D. Christensen and Raynor,
for example, note that recent surveys of private sector R&D report: “Over 60
percent of new product efforts are scuttled before they ever reach the market, and
of the 40 percent that do see the light of day, 40 percent fail to become profitable
and are withdrawn from the market.”*!

This approximate benchmark puts an even more positive light on DoD SBIR
commercialization outcomes, since private sector R&D is typically weighted
far more to product development than to the science and technology activities
(6.1-6.3) within the DoD SBIR portfolio; thus private sector R&D should be
expected to produce comparatively higher success rates.

However, as we shall see in Chapters 5 and 6, there are still considerable
barriers to SBIR awardees achieving success within the DoD acquisition system
itself—which represents an area of significant potential improvement.

40The distortion is echoed in venture and angel investments, both of which are often downstream
of SBIR, which normally makes earlier-stage investments.

41C. Christensen and M. Raynor, Innovator’s Solution, Boston, MA: Harvard Business School,
2003, p. 73.
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4.3 AGENCY MISSION

One of the core legislative objectives of the SBIR program is that it contrib-
utes to each agency’s mission. DoD’s SBIR program has nurtured many techno-
logical innovations that have made significant contributions to DoD’s mission
capabilities.*> SBIR-spawned innovations have contributed to enhanced combat
capabilities, and provided technological solutions to meet sudden, unexpected
military threats.

Detailed analysis of Phase III at DoD is provided in Chapter 5.

4.3.1 Unique Benefits of SBIR at DoD

4.3.1.1 Enhanced Flexibility and Innovation

SBIR-funded projects have proven to be of especial value in generating
technological approaches to new, unexpected problems that have arisen in on-
going military engagements in Afghanistan and Iraq. The high degree of flex-
ibility characteristic of small firms means that SBIR has provided DoD with an
increased number of suppliers capable of quickly responding on short notice®
to unanticipated battlefield situations (such as the use of improvised explosive
devices [IEDs] in Iraq).

DoD has used the SBIR program to move quickly from identification of a
DoD need to issuance of Phase I and then Phase II awards, and then to rapid
deployment of operational equipment to meet pressing needs. Among the success
stories contained in the case studies are the use of unmanned aerial vehicles for
collecting over the horizon intelligence (Advanced Ceramics), the development
of hand-held language translators (Marine Acoustics/Voxtex), the invention of
radio detection and explosive devices to combat improvised explosive devices
(First RF), and the production of an automated ammunitions sorter (Cybernet).

According to DoD SBIR program officials, SBIR has also proven an im-
portant and successful means of attracting the interest of small, high-technology
firms to address specific R&D and operational needs where the potential market
is too small to attract the interest of large defense contractors or venture-backed
firms.

DoD officials point to a number of other benefits from the SBIR program:

e It has increased the number of potential suppliers for new technologies,
and also created new opportunities for these firms to partner together in new
undertakings.

#2Dr. Charles Holland, Deputy Under Secretary for Science and Technology, Department of De-
fense, “Meeting Mission Needs,” in National Research Council, SBIR and the Phase Il Challenge
of Commercialization, Charles W. Wessner, ed., Washington, DC: The National Academies Press,
2007.

43Dr. Mike McGrath, Deputy Assistant Secretary for RDT&E, U.S. Navy.
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e It has helped DoD personnel learn about a set of high-tech firms with
whom they would not otherwise ordinarily have contact.*

e It allows DoD to draw on the creativity of the small- and medium-sized
firms that comprise the SBIR community, and of the commitment of these firms
to serve the needs of Services and agencies.

*  The SBIR program also has served as a filter to determine if firms have
the technical, management, and financial capabilities to become reliable suppliers
to DoD, whether on additional Phase III awards or for consideration in subse-
quent procurement competitions.

Survey responses from 347 SBIR technical monitors or Technical Points
of Contact (TPOC) indicate that they perceive of DoD SBIR projects’ research
to be of high quality—on average close to the quality estimated for non-SBIR
awards.*> On a ten-point scale, where 10 represented the best research ever pro-
duced in the research unit/office in which the TPOC was located, SBIR awards
received a mean score of 6.95. This average score was slightly below the mean
score of 7.27 for non-SBIR research projects.*® This difference may be explained
by outliers among the surveyed group.

4.3.1.2 Usefulness

SBIR projects were also found to have affected the way in which the DoD
unit/office conducted research or supported research in other contracts. Fifty-
three percent of TPOC respondents indicated that the specific SBIR project re-
ferred to in the survey produced results that were useful to them and which they
had followed up on in other research.

Another indicator of the relative cost-effectiveness of the knowledge or
informational contribution of SBIR projects to the design of DoD’s research
program was that one-third of TPOC respondents noted that the SBIR project had
more benefits for the agency’s mission than the average dollar spent on other re-

“Firms express this outcome as follows: Had it not been for SBIR, their business with DoD ser-
vices or agencies would not have developed. Services likely would have stayed with their pre-existing
sources of supply. Program managers are too busy with multiple contracts to search out or respond
attentively to new sources of technology. Their orientation is to hire a contractor to solve problems,
not necessarily to seek out the most technologically innovative performer. The SBIR program requires
that they become involved with small firms, to look at technical options, and to allow for increased
competition in the selection of R&D performers.

“NRC Program Manager Survey in National Research Council, An Assessment of the SBIR Pro-
gram at the National Aeronautics and Space Administration, Charles W. Wessner, ed., Washington,
DC: The National Academies Press, 2009—contains a full description of the survey methodology
and findings.

4The difference in mean scores was statistically significant (at the .01 level), but was attributable
to the considerably higher percentage of SBIR than non-SBIR projects that received low scores (e.g.,
3 or below).
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search contracts that the TPOC sponsored. Forty percent of respondents reported
the same level of benefits per dollar spent; 27 percent reported fewer benefits per
dollar spent. This at a minimum indicates that TPOC respondents saw SBIR dol-
lars as generating research of quality equal to that of funding spent through other
mechanisms—an important result in an environment where SBIR has often been
seen as an unwanted congressional imposition on research managers’ discretion
with research funding.

4.3.1.3 Low-cost Technological Probes

SBIR projects also provide DoD project managers with relatively low-cost
explorations of novel scientific and technological approaches, the outcomes of
which serve to increase the effectiveness of DoD’s laboratories and R&D facili-
ties. While SBIR awardees overheads are normally not lower than universities
(though this varies with company size) SBIR firms normally do have a much
lower overhead than laboratories or large corporations.

4.3.1.4 Cost Savings

A number of DoD SBIR projects, for example RLW’s technique for real-time
monitoring of ship maintenance and SAVI’s radio frequency detection system
for monitoring shipments, have also been directed specifically at cost reduction
(see case studies).

4.3.2 Assessment of SBIR’s Contributions to DoD Missions

4.3.2.1 Previous Assessment Efforts

There is currently no comprehensive formal measurement of DoD SBIR
performance. The Navy considers the Phase III reported in the DD350 its primary
tool for such purposes, emphasizing once again the stress laid on active insertion
into weapons programs by the services as the core metric of success from the
agency perspective. However, the other services have not emphasized the DD350
to the same degree, and there are substantial interservice differences in the extent
to which the DD350 reporting system actually captures program outcomes.*’

Of special concern to DoD SBIR program officials is that the CCR does not
fully capture the program’s mission benefits and that undue use of commercializa-
tion measures will undercut core processes of technological development. They
note that the closer a technology effort is to basic research, the less likely it is that
its impacts will be captured in the PART system. Latent in these concerns is the

#TThese limitations are emphasized by the DoD’s primary data subcontractor on SBIR. Pete Cahill,
BRTRC, private communication, December 1, 2006.
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implication that program managers and laboratory personnel will rebalance their
R&D portfolios to perform well according to PART and GPRA measures. They
will select short-term product development topics that will improve their indi-
vidual or unit annual performance reports but will diminish, over time, the rate at
which agency R&D contributes to significantly enhanced agency performance.

DoD did make one prior effort to more fully analyze the performance of its
SBIR program. In 1996-1997, the Director of Defense Research and Engineer-
ing (DDR&E) in conjunction with the DoD Small and Disadvantaged Business
Utilization Office (SADBU) SBIR Program Manager, contracted BRTRC, a
technology research firm, to study the commercialization of DoD SBIR awards.
The DDR&E chose not to publish the results of this internal study. The survey’s
responses, however, were shared with GAO. GAO used and referenced these
results in two reports to Congress.*

DoD’s SBIR monitoring and reporting activities currently emphasize re-
porting on compliance. These data are suitable for documenting attainment of
selected program objectives, such as support for woman- and minority-owned
firms, but not to those related to mission support.

Conceptual and empirical difficulties clearly exist in documenting these
contributions. Mission support (or “benefits””) and “sales revenue” are not identi-
cal. Thus, for example, it is hard to exactly measure the “benefit” of the SBIR-
supported technology developed by Ophir Corp., which made stealth bombers
more “stealthy.” Is the benefit (a) the $27.5 million in the firm’s sales, (b) an
estimate for the increase in aircraft survivability (and, ultimately, lives saved), (c)
the enhanced force capability, or (d) the sum of all of the above?

These complexities are not unique to the Ophir project. They are relevant to
many SBIR projects that successfully promoted an agency mission. In most cases,
direct measurement of agency mission impacts is simply not quantifiable—as
NIH found when seeking to identify the public health impacts of SBIR awards.
To give another example, how do you determine the contribution (or value) to
mission support of Vista Controls Corporation’s electronic computing card in the
ballistic computer of the M-1 tank? How do we answer the question, “how many
lives and how much equipment are saved by getting off the first shot and hitting
a target before it can hit you?”

Sometimes educated guesses can be made. Pentagon logisticians estimated
that the SaviTag (an SBIR-developed bar-coding device for managing the logis-
tics of military and nonmilitary material) could have saved $2 billion dollars had
it been used in Desert Shield. The technology was used when U.S. forces were
deployed in Bosnia and it is now in widespread use in Iraq.*® While the survey

487U.S. General Accounting Office, Observations on the Small Business Innovation Research Pro-
gram, GAO/RCED-98-132, Washington, DC: U.S. General Accounting Office, April 1998, and U.S.
General Accounting Office, Evaluation of Small Business Innovation Research Can Be Strengthened,
GAO/RCED-99-114, Washington, DC: U.S. General Accounting Office, June 1999.

4 Available at <hitp://www.savi.com/products/SaviTag_654.pdf>.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

120 SBIR AT THE DEPARTMENT OF DEFENSE

and other data make it relatively easy to compute Savi’s sales, this amount has
little relationship to the cost savings the technology provided to the department,
the alternative uses of resources it enabled and the efficiency gains and savings
permitted, especially during crises when resources are constrained.

4.3.2.2 Data Issues

The quality of the data available to DoD to assess the impacts of its SBIR
program is also uneven. The DoD commercialization database contains informa-
tion on Phase II awards for all agencies, not just DoD. Projects awarded prior
to 1999 are reported/updated only if the firm is applying for further SBIR. For
awards since 1999, updates on the project are required one year after the start
of Phase II, at the completion of Phase II, and subsequently when the contractor
submits a new SBIR or STTR proposal to DoD. Firms that do not submit a new
proposal to DoD are asked (but not required) to provide updates on an annual
basis after the completion of Phase I1.°

If a company failed and ceased to exist, was very successful and outgrew
SBIR, was sold to a larger firm, or became disenchanted with SBIR or DoD prior
to 1999, no information on that firm will exist in the commercialization database.
Over 30 percent of the Phase II awards made by DoD prior to 2000 have no
information in the commercialization database. For more recent years, the data
is more complete; for the period 1992-2002, over 82 percent of DoD Phase II
awardees have entries in the commercialization database. The voluntary nature
of reporting after the Phase II contract is finished clearly limits the completeness
of the data.

“Success stories,” another frequently employed indicator of SBIR’s contri-
bution to DoD’s mission objectives-success stories, also have limitations. DoD’s
compilation of “success stories” is somewhat uneven. In practice, DoD accepts
all submissions offered by firms, topic authors, and program managers. This
approach cannot be completely comprehensive or representative, being shaped
more by the initiatives and motivations of individuals rather than from any
agencywide attempt at systematic coverage. There also are no visible quality
control checks to insure the accuracy of specific statements. Moreover, since the
content of success stories tends to focus on technological performance and sales,

30The consequence of collecting data on pre-1999 awards only if a firm submits a new proposal
can be seen in the following example. In terms of reported sales, the seventh most commercially suc-
cessful award reported in CCR at $92 million was the Air Force’s award to SPEAKR Engineering.
This award Phase II award however was made in 1983. SPEAKR did not submit an SBIR proposal
in 1999, 2000, 2001, or 2002. Thus, there is no record of this $92 million in the commercialization
database until the second solicitation of 2003, when SPEAKR submitted a new Phase I proposal. At
the time of this submission, their proposal also reported three other DoD Phase II awards (one of
which had $14 million in sales).
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it is unlikely that many of the other benefits of the DoD SBIR program are fully
accounted for, e.g., firm knowledge effects.

These challenges frequently arise in assessments of the economic and non-
economic impacts of other public sector investments. But answers to these
questions, couched variously in terms of benefit-cost, cost-effectiveness, or rate-
of-return analysis, exist for related R&D programs at several federal agencies. In
addition, an extensive, long-standing theoretical and empirical literature exists on
assessment of the impacts of technologies comparable to those developed under
DoD’s SBIR awards.”!

The distinctive aspect of the current state of affairs in assessing the con-
tribution of the DoD’s SBIR program to missions is therefore not the inherent
complexity of the challenges faced in producing acceptable estimates (although,
admittedly, it is difficult), but the absence of such studies.

Interviews with DoD officials indicate that the primary reason for this ab-
sence is the lack of internal budget, staff, and expertise to systemically monitor,
document, and assess the contribution of the SBIR program to its mission objec-
tives. DoD program managers note that they are legislatively required to use all
appropriated SBIR funds for awards to firms, and are explicitly prohibited (by
Title 15, Chapter 14A) from using these funds for in-house activities such as
program assessment. In the absence of nonprogram resources, DoD finds itself
without the resources to maintain an adequate database or analytical studies to
respond to questions about program management and program outcomes. When
the department does initiate changes, it is not well positioned to systematically
assess their impact.

Notwithstanding these constraints, the Department of Defense has made
a significant effort to evaluate its SBIR program. For many years, the depart-
ment has relied on an outside consulting firm (BRTRC) to maintain a database
and, in the past, to carry out some analysis of the program. The department has
also led the way among SBIR agencies in external assessment, commissioning
exploratory workshops and then a major review of the Fast Track program by
the National Academies in 1999-2000. More recently, Defense was an early
contributor to the current study and has commissioned additional work with the
Academies and with the RAND Corporation. Despite the real resource constraints
described above, the department leads all other agencies in its efforts to better

3!Notable examples include several studies of the economic benefits of health related research: S.
C. Silverstein, H. H. Garrison, and S. J. Heinig, “A Few Basic Economic Facts about Research in
the Medical and Related Life Sciences,” FASEB 9:833-840, 1995; D. Cutler, Your Money or Your
Life, New York: Oxford University Press, 2005; agricultural research: R. Evenson, P. Waggoner,
and P. Ruttan “Economic Benefits from Research: An Example from Agriculture,” Science, 205(14
September):1101-1107, 1979, and R. Ruegg and 1. Feller, A Toolkit for Evaluating Public R&D
Investment—Models, Methods, and Findings from ATP’s First Decade, NIST GCR 03-857, Gaithers-
burg, MD: National Institute of Standards and Technology, 2003.
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understand the program’s operations and accomplishments as well as the impact
of new policy initiatives.

That said, program managers recognize that current resources do not allow
them to collect and maintain the data needed to better understand the program,
nor to provide an effective tracking system and internal analysis that would fa-
cilitate external analysis of the program.>?

4.4 SUPPORT FOR SMALL BUSINESS AND FOR
MINORITY- AND WOMAN-OWNED BUSINESSES

This section provides an analysis of the ways in which this support helps
different kinds of companies, and the overall impact of SBIR on small busi-
ness activities at DoD. At one level, SBIR obviously provides support for small
business, in that it provides funding only to businesses with no more than 500
employees—the SBA definition of a small business.

4.4.1 Small Business Shares of DoD Funding

Data from DoD show that for all contracts (not just SBIR), small business
direct awards have for the past 15 years been approximately equal to the subcon-
tracts to small business reported by the prime contractors (see Figure 4-8).

4.4.2 Project-level Impacts

A basic question concerning any “intervention” is whether the observed
outcome would have occurred in the absence of the intervention. In terms of the
SBIR program, this question generally relates to whether or not an R&D project
would have been undertaken by a firm in the absence of an award, and if so, what
affect the award had on the size, scope, or final characteristics of the project.
After all, if most SBIR projects would have gone forward even without the SBIR
contract, then the program’s impact would appear to be limited.

4.4.2.1 Project Initiation and Beyond

Figure 4-10 reports firm responses to the question of whether they would
have undertaken the specific project in question in the absence of the SBIR
award.>? Over one-third (37 percent) of responses stated that the project would
“definitely not” have been undertaken, and another third (33 percent) said “prob-

32As noted in the introduction, a major challenge for the Academies’ assessment of the program was
the absence of the necessary data with regard to outcomes and program impact.

3This question was asked of the 618 respondents who had completed their Phase II project and
then continued to develop the project.
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NOTE: Subcontract Awards category includes only reportable subcontracts. A significant
portion of small business awards are for a variety of necessary services, e.g., facilities
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SOURCE: Presentation by Dr. James Finley, Deputy Under Secretary for Acquisition
and Technology, DoD. SBTC Conference on SBIR in Transition, September 27, 2006.
Washington, DC.
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FIGURE 4-10 Project-level impacts—Phase II recipients.
SOURCE: NRC Phase II Survey.

ably not,” Only 13 percent of responses indicated that the project “definitely” or
“probably”” would have gone forward in the absence of SBIR.

These responses strongly imply that the SBIR contract had a substantial im-
pact in terms of the firm’s decision to carry out the proposed project. The NRC
also surveyed companies that did not receive a Phase II award. Almost half did
not pursue the technology.

Case studies suggest that the “definitely not” respondents can be divided
into two groups. Some SBIR recipients claim that without the SBIR award the
firm itself would either not have been formed or would not have survived for
long. SBIR provided incentives and opportunities for the founders to leave their
existing occupation and start a firm, and the initial working capital essential for
pursuing the proposed research.

For existing firms with ongoing R&D or production activities, the primary
value of the SBIR program was that SBIR topics indicate a well-funded potential
market for the firm’s technology.’* In effect, technology-intensive firms may be
seen as constantly searching for potential applications for their core technologies.
At any point in time, there are more technology paths to pursue than resources
allow. SBIR topics focus a firm’s attention on a specific technological and market

3N. Rosenberg, “The Direction of Technological Change: Inducement Mechanisms and Focusing
Devices,” Economic Development and Cultural Change 18:1-24, 1969.
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FIGURE 4-11 Further project impacts.
SOURCE: NRC Phase II Survey.

objective. And when the firm’s application is successful, an SBIR award provides
the capital, contacts, and versatility needed to pursue product development.

The absence of SBIR funding would have had a significant impact even on
the 13 percent of respondents who said that they probably or definitely would
have undertaken the project even without the SBIR award. Half of these respon-
dents reported that the scope of the project would have been narrower,> and
62 percent expected the project would have been delayed. More than a fifth of
these companies expected a delay of at least 24 months; an additional 49 percent
thought the delay would have been at least 12 months.

In addition, 78 percent of all respondents noted that the project would have
taken longer to complete in the absence of a Phase II award. Thus, in the absence
of the award, there would have been a twofold impact of the firm’s efforts to
transform an R&D concept into a marketable product: The start of the project
would have been delayed and project would have taken longer to complete.

There is therefore little doubt that the SBIR awards had, in the vast majority
of cases a significant, often decisive, impact on the company’s ability to under-
take the research supported by the work.

35This last response presumably reflects the narrowing of an R&D concept to mesh with the scope
of the topic solicitation announcement.
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BOX 4-2
Cybernet—Start-Up Case Study

SBIR has many different impacts at different firms, but one clear impact has
been on the decision to found the firm. Only a relatively small percentage of firms
were founded directly “because” of SBIR, but Cybernet is one of them.

Heidi Jacobus, the founder, was working on a doctoral thesis on human-
computer interaction at the University of Michigan in 1988. She also worked in the
university library on a project developing an indexed reference book on the SBIR
program. Soon after, she saw her thesis topic listed as a DARPA topic of inter-
est. She distilled her thesis proposal into an SBIR proposal. Subsequent to the
submission of the proposal, she received a telephone call from a DARPA official
stating that her proposal was the “best” he had ever read.

The feedback from DARPA was the motivating event that gave Jacobus the
courage to found Cybernet. She submitted SBIR proposals to other agencies,
receiving awards from NASA and the Army, followed by the award from DARPA
that had catalyzed the firm’s founding. Cybernet was a bootstrap operation: The
firm’s offices were housed in her daughter’s bedroom. Jacobus had to learn the
basics of government contracting and accounting procedures, such as overhead
rates, allowable expenditures, and related provisions. She accomplished this by
reading manuals obtained at the regional SBA office, purchasing technical as-
sistance from local consultants, and receiving assistance from the regional Small
Business Development Center.

Cybernet’s core mission is the development and application of robotics tech-
nology solutions to human-machine interaction. It applies its work to a diverse set
of defense and nondefense industries. The firm has drawn on the rich tradition
and ready availability of robotics and related manufacturing expertise in the Ann
Arbor region to steadily increase its manufacturing activities, and also sells to
the private sector. Cybernet currently derives about 70 percent of revenues from
federal contracts and 30 percent from the private sector.

4.4.3 Multiple-award Winners and New Firms in the Program

Some critics argue that the DoD SBIR program tends to favor “established”
small firms with well-developed ties to decision makers in the funding stream.

In a certain sense, this is entirely natural. Firms that are successful in win-
ning contracts and then in delivering results will tend to seek to duplicate these
successful efforts, and awarding officers will become familiar with these firms
and confident that they can deliver a quality product in a timely fashion.

In interviews, agency staffers have also noted that SBIR is a critically impor-
tant mechanism for “proving out” potential vendors: The risk is relatively low,
contracts are tightly time bound and relatively small, and positive experiences can
be built upon quickly as the timeline between solicitations is short. Thus, some
staffers see SBIR very much as a means of validating the capabilities of potential
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vendors, who when successful can be added to the technical resource pool avail-
able for meeting agency needs.°

These program characteristics imply that the distribution of awards will be
skewed, and that some companies will, over time, win a considerable number of
awards—particularly firms with a wide range of technical capabilities who are
able to address the requirements for many topics in a given solicitation.

At the same time, however, it is important that the program not be captured
by a group of regular winners to the extent that potential new vendors are frozen
out, and either fail to win or are so discouraged that they no longer apply. Equally,
it is important to ensure that firms do not simply become specialists in winning
awards, without ever producing commercial results or in the larger sense address-
ing agency needs for quality research and product prototypes.

The question of new winners is addressed in Chapters 3 and 6, based on
DoD awards data. However, additional information has been developed using the
NRC'’s Phase II Survey.

4.4.3.1 New Firms

Most NRC Phase II Survey respondents had received only a few SBIR
awards. Most significantly, just under one-third (29 percent) had no prior Phase I
award and were entirely new to the program. This underscores the competitive
nature of the program, namely that a significant number of awards have regularly
gone to new firms.>’

Another 42 percent of respondents had had five or fewer prior Phase I
awards. Five firms reported 96 or more prior Phase I awards. Excluding these five
firms, the remaining 561 firms averaged less than four prior Phase I awards.

The average number of previous Phase II awards for firms in this sample was
2.45. Forty-six percent of respondents had no prior Phase II awards and another
36 percent had five or less. The same five firms accounted for all respondents
with more than 35 previous awards. The remainder of the firms averaged 1.7
prior Phase II awards.

Respondents were queried about the number of prior Phase I awards in
related technologies to the technology embedded in the Phase II project being
surveyed. Firms reported an average of 1.5 related Phase I awards with 46 per-
cent of respondents having no prior related Phase I awards, and an additional 48
percent having five or fewer prior related awards. In terms of related Phase II
awards, the average number reported by firms was 0.8: Fifty-six percent has no

S6Comments by John Williams, Navy SBIR Program Manager, at Navy Opportunity Forum, Sep-
tember 2005.

37The substantial percentage of new entrants each year was revealed in the 2000 NRC survey. See
National Research Council, The Small Business Innovation Research Program: An Assessment of the
Department of Defense Fast Track Initiative, op. cit.
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FIGURE 4-12 Percentage of projects reporting prior SBIR awards.
SOURCE: NRC Phase II Survey.

prior related Phase II award and another 42 percent had 5 or less prior related
Phase II awards.

These data make clear that the DoD SBIR program is open to new entrants,
with a significant percentage of new entrants for both Phase I and Phase II.

4.4.3.2 Understanding Multiple-award Winners

Commercialization and Multiple-award Winners. Increased attention
to commercialization also has implications for a group of companies that win
multiple SBIR awards. As noted above, there are understandable reasons why
some firms have become proficient at winning SBIR awards just as some large
contractors and some universities become proficient in their domains. One critical
question is whether these firms do more than just win awards: Do they provide
good value to DoD and do they help the DoD SBIR program meet the congres-
sionally mandated objectives?

This is a harder question to answer than it appears. Firms may be perform-
ing work that is important to DoD, but for which there is a limited market both
at DoD and commercially. So commercial results in and of themselves are not a
sufficient metric, and can indeed be misleading if they become the central focus
of analysis.”®

On the other hand, companies that receive large numbers of awards should
be providing work of value to the agency, and one important way to tell whether
such work is being done is whether the agency continues to fund the project
after Phase II is completed. Again, it is important to consider commercialization
metrics only as one indicator of value—an important indicator, but only one of

380ne important output of research is new ideas that are often picked up and applied by others. This
is a major objective of government sponsorship. For more, see Section 4.5 of this chapter on SBIR
and the expansion of knowledge.
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several. Moreover, case studies clearly show that firms can perform useful work
that is not well reflected in commercial results, for example by “answering” a
research question of providing a product that has no follow-on sales.

Keeping this complexity of goals and outcomes in mind, commercial results
do matter. How well do multiple-winner firms commercialize? Part of the answer
lies in Table 4-14 and Figure 4-13. Table 4-14 shows commercialization by num-
ber of previous awards. Figure 4-13 focuses on lack of commercialization—the
percentage of projects reporting no sales at all, by number of previous awards.

By its three-phase structure, the SBIR program suffers from an implicit linear
myth, namely that a single grant for a single project is sufficient to fully develop
a technology and drive long-term growth of the company. In practice, a single
grant is often not sufficient to commercialize a product. Often multiple related
projects, complementary technologies, and varied funding sources are needed, in
addition to effective management, to bring a product to market. With regard to
additional awards, NRC Phase II Survey data indicate that returns are maximized
where firms have received 10-25 previous Phase II awards.

4.4.4 Differing Uses of SBIR by Firms

The expansive scope of the NRC study and its use of multiple methods
provide an opportunity to place conventional measures of commercialization,
such as sales, within the larger context of firm formation, business strategy, and
long-term growth.

Earlier assessments have contained typologies of the several different types

TABLE 4-14 Sales by Number of Previous Awards

Sales Reported (Percent of Responses)

Additional

Prior $100Kto  $1Mto  $5Mto Total
SBIRs 0 <$100K < $IM <$5M <$50M  $50M+ Responses
0 46.1 13.3 22.3 13.7 4.3 0.4 256
1 63.2 9.2 13.2 10.5 3.9 0.0 76
2 50.6 10.4 20.8 15.6 2.6 0.0 77
3-5 51.1 7.5 22.6 12.8 4.5 1.5 133
6-10 56.7 7.8 15.6 144 5.6 0.0 90
11-15 54.5 3.0 12.1 15.2 15.2 0.0 33
16-25 56.1 2.4 17.1 12.2 12.2 0.0 41
26-50 51.1 12.8 14.9 14.9 6.4 0.0 47
51-100 78.6 3.6 14.3 3.6 0.0 0.0 28
101+ 70.6 5.9 19.6 39 0.0 0.0 51
Total 53.7 9.4 19.1 12.6 4.8 04 832

SOURCE: NRC Phase II Survey.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

130 SBIR AT THE DEPARTMENT OF DEFENSE
90 300
80 + -
1 250
70 + —
60 1 [ +200 9
— 1]
— ] c
= — — 3
g 0T u 2
o 4150
& 40 + A s
o
30 | 1100 €
VL A 2
20 +
el + 50
LT
10 + N1 »
0 ! ! ! ! ! ! ! ! 10

0 1 2 3-5 6-10 11-15 16-25 26-5051-100 101+

== Percent of responses in
each group with $0 sales

—s— Total responses in each group

FIGURE 4-13 Projects with zero dollars in sales, by number of prior awards.
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of firms participating in the SBIR program.>® These typologies are especially
useful for extending the analysis beyond the focus on “young, high-technology
firms” to the more diverse array of small, high-technology firms that actually
participate in the SBIR program. They also help to explain certain outcomes.

Fieldwork conducted during the course of the NRC SBIR study, coupled with
review of earlier typologies, produces the following classification of firms that
participate in the DoD SBIR program:

e Start-up firms.

* R&D contractors.

* Product-oriented firms.

» Defense-oriented technology-based firms.

¥See Reid Cramer, “Patterns of Firm Participation in the Small Business Innovation Research
Program in Southwestern and Mountain States,” in National Research Council, The Small Business
Innovation Research Program: An Assessment of the Department of Defense Fast Track Initiative,
op. cit.
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4.4.4.1 Start-up Firms

These are newly formed firms whose early viability is directly connected to
receipt of an SBIR award. Some firms were formed specifically to be eligible for
SBIR funding; others were existing early-stage firms that would probably have
failed without SBIR.

The “start-up firm” category captures the firm in its embryonic form, a tran-
sitional stage before the firm evolves into other categories. Firms in this group
provide material for exploring SBIR’s contribution to new firm formation. In
many cases, they also show how SBIR helps to grow the manufacturing base and
thus to expand the technological options available to meet DoD mission goals.

For these start-up firms, SBIR Phase I and Phase II awards may provide the
initial or critical operating and start-up capital needed to explore leading edge
technologies. And, as many interviews—as well as previous NRC studies®® and
academic analyses®'—indicate, that capital is not readily available from any pri-
vate sector source. Start-up firms are rarely good candidates for venture capital
funding. This is especially true for the relatively narrow, regulatory constrained
defense market.

Finally, firms also credit the entrepreneurial behavior of selected SBIR pro-
gram managers as having catalyzed the firm’s formation. Among DoD Services
and units, DARPA program managers are most often cited as having played this
role. In the case of Cybernet, for example, the interest of a DARPA program of-
ficer in the proposal submitted by the firm’s founder led the founder to forego an
opportunity to complete a Ph.D. and instead venture out to form a firm. Personal
encouragements by DARPA program managers to ex-military and ex-industry
employees who were employed as consultants to DoD or defense-related firms
also are recounted as having led these individuals to form firms based on the
prospects of successfully competing for SBIR awards.

One striking aspect of DoD SBIR start-up firms is that many of the founders
are former employees of large defense and aerospace prime contractors, who
often left because they wanted to run their own business. They describe them-
selves as refugees from former firms that had grown too large and bureaucratic,

60R. Archibald and D. Finifter, “Evaluation of the Department of Defense Small Business Innova-
tion Research Program and the Fast Track Initiative: A Balanced Approach” in National Research
Council, The Small Business Innovation Research Program: An Assessment of the Department of
Defense Fast Track Initiative, op. cit.; D. Audretsch, J. Weigand, and C. Weigand, “Does the Small
Business Innovation Research Program Foster Entrepreneurial Behavior” in National Research Coun-
cil, The Small Business Innovation Research Program: An Assessment of the Department of Defense
Fast Track Initiative, op. cit., pp. 160-193.

61See Lewis M. Branscomb, Kenneth P. Morse, and Michael J. Roberts, Managing Technical Risk:
Understanding Private Sector Decision Making on Early Stage Technology-based Projects, NIST
GCR 00-787, Gaithersburg, MD: National Institute of Standards and Technology, 2000.
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TABLE 4-15 Was Company Founded Because of SBIR Program?

Number of Responses Percent of Responses
No 342 74.8
Yes 49 10.7
Yes, in part 66 14.4

457 100.0

NOTE: Data reported in Table 4-15 are for firms with at least one DoD award. NRC
Firm Survey results reported in Appendix B are for all agencies (DoD, NIH, NSF,
DoE, and NASA).

SOURCE: NRC Firm Survey.

or as exiles from small firms that had shelved development of a technology they
strongly believed in.%?

Responses to the NRC Firm Survey indicate that 25 percent of firms were
founded entirely or in part as a result of SBIR awards (See Table 4-15). These
data are important because they suggest that SBIR funding should be considered
one of the more important sources of seed capital for new high-technology com-
panies and entrepreneurs.

This finding was supported by previous analysis. As one scholar reported in
the first Academy workshop on the SBIR program, “the picture that emerges is a
program that is working effectively and appears to be playing a positive role in
stimulating small firm creation.” This represents a significant contribution in two
respects. As noted in the introduction, from a public perspective this is desirable
because there are significant knowledge spillovers associated with R&D, that is,
the benefits of R&D do not accrue only to those making the investment.

Second, information problems hamper investors’ efforts to identify prom-
ising technologies. The large number of companies seeking financing and the
uncertainty involved with innovative business proposals pose significant risk
assessment challenges for potential investors—challenges that may result in
underinvestment in new technologies.®?

4.4.4.2 R&D Contractors

A second generic type of participant in the DoD SBIR program are R&D
contractors that specialize in the performance of R&D, strategically positioning

©2See for example the remarks of David O’Hara of Parallax Research who left his previous firm,
one that he believed was insufficiently focused on the commercial potential of their SBIR awards, in
order to found Parallax and pursue commercialization. National Research Council, The Small Busi-
ness Innovation Research Program: Challenges and Opportunities, op. cit., p. 25.

%3This problem may be especially acute in small firms. See the remarks by Joshua Lerner of the
Harvard Business School in National Research Council, The Small Business Innovation Research
Program: Challenges and Opportunities, op. cit., p. 23.
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BOX 4-3
First RF: Addressing New Defense Needs

FIRST RF Corporation was founded by Farzin Lalezari and Theresa Boone
in 2003. Lalezari was born in Iran, and emigrated to the United States in 1971,
while a high school student, following the imposition of a death sentence on his
father, who was serving as Iran’s Minister of Education, by the Khomeini regime.
Upon graduation, he joined Ball Aerospace, where he advanced to position of
chief scientist and director of research.

At Ball, Lalezari’s research led to 25 patents, all assigned to the firm. Lalezari
left to form FIRST RF because of disenchantment with the bureaucratization and
technological stagnation of large firms, and their overemphasis on short-term
profit measures designed to meet the requirements of stock market analysts.

FIRST RF’s core technology focus is advanced antennas and RF systems.
Lalezari used the SBIR solicitation of topics to focus on a specific problem. In his
view, one of the primary benefits of the SBIR program is that it is seen as forcing
firms to “think out of the box,” while simultaneously providing innovators with ac-
cess to users.

Lalezari reports writing about 12 SBIR proposals during the firm’s first year
of operation. The firm received awards on seven of these proposals, a number
described as a national record for a start-up company. In late 2003, it submitted
a Phase | proposal for an Army-generated topic related to the detection of impro-
vised explosive devices.

By the time its Phase | project was finished, the firm had delivered production
prototypes for use by U.S. military forces in Irag. In 2004, the firm entered a struc-
tured competition against 27 other firms, including major defense contractors such
as Raytheon and BAE for volume production of IED countermeasure devices. It
won the competition, receiving an initial $21.5 million contract from the Army, with
delivery scheduled for December 2005.

This Army contract has been followed by several additional contracts with DoD
prime contractors.

themselves as a DoD equivalent to private sector industrial R&D labs. R&D con-
tracts constitute a substantial portion of revenues for these firms, and a relatively
high percentage of those revenues (especially in the firm’s early years) may come
from SBIR awards. These awards may in part come from multiple federal agen-
cies. Typically, firm dependence on SBIR declines over time as the firm becomes
more of an established supplier of its technical services, gaining revenues from
standard procurement contracts, integrating into downstream products, and enter-
ing private sector markets.

SBIR—Main source of federal funding for early-stage technology devel-
opment. SBIR provides over 85 percent of federal financial support for early-
stage development. SBIR provided over 20 percent of funding for early-stage
development from all sources in 1998.
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novation: An Analysis of Funding for Early Stage Technology Development, NIST GCR
02-841, Gaithersburg, MD: National Institute of Standards and Technology, 2002.

However, even if their work leads to production prototypes, R&D contract-
ing firms often choose not to become extensively involved in downstream manu-
facturing lest it detract from an emphasis on R&D. They deliberately limit their
scope to R&D activities in which they have competitive expertise, plus some
selective, (usually) customized manufacturing. Additional revenues may come
from licensing proprietary technology or income from spin-off manufacturing
subsidiaries.

Such firms operate within self-imposed ceilings on growth. They tend not
to seek the external capital usually needed to expand operations because to do
so would dilute founder control and equity.®* This strategy results in a high per-
centage of revenues from R&D contracts, as the result of a specific commercial
strategy.

Even where the venture capital community has expressed interest, not all

%E. Roberts, Entrepreneurs in High Technology: Lessons from MIT and Beyond, Oxford, UK:
Oxford University Press, 1991, p. 328.
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BOX 4-4
TRIDENT SYSTEMS: The Challenge of Moving Upstream

The data strongly suggest that there are different levels and degrees of com-
mercial success, and the Trident Systems case study indicates that stepping up
from one level to the next can be challenging.

Trident Systems was established by Nicholas Karangelen in 1985. Initially, the
firm operated primarily as a “services” company, consulting to major DoD con-
tractors, such as General Electric and Westinghouse, but lacking its own prime
contracts. This work helped build Trident’s reputation as a knowledgeable, reliable
performer and gave it new insights into DoD requirements.

Trident began submitting SBIR proposals around 1986, submitting four
unsuccessful proposals before winning an award. It views the SBIR program
as one of the few available contract mechanisms that provide “size appropriate
competition”—opportunities for small firms to compete for DoD’s R&D and procure-
ment contracts.

In 1988, Trident became a prime contractor on a Navy system development
project related to antisubmarine warfare. The stability of the contract, the quality
of the work Trident performed under it, and the business relationships developed
during performance of the contract launched Trident on the growth trajectory it has
experienced since the late 1980s.

Trident has grown primarily by expanding its business around its core compe-
tencies in requirements analysis for weapons systems, systems engineering, and,
more recently, systems design. The company now serves as prime contractor on
many programs and has recently moved further into downstream integration.

Difficulties in Moving Beyond Phase Il. Trident’'s success in developing
DoD related technologies, especially under the SBIR program, has not led to
proportionate successes in landing procurement contracts. In part this may be
due to the attitudes of acquisition managers. Trident believes that DoD acquisition
offices are reluctant to recognize the value of small firms and their technologies,
and are more concerned with maintaining the status quo and avoiding risk. Prime
contractors too are seen by Trident as generally unwilling to bring in a promising
externally developed (and potentially disruptive) technology when they either have
or believe they can develop an internally developed alternative.

SBIR awardees are eager to enter into an agreement lest they be required to
relinquish ownership and control. The basic motivation for starting a firm for
several of the founders included in this study and the stylized workings of the
start-up/venture capital markets diverge at this point. As noted, several of the firm
founders in this study in effect are “new world” immigrants from what they see
as an “old world” of large, bureaucratic defense and aerospace contractors. As
such, they are wary of entering into business relationships that dilute their selec-
tion of research topics or require that they meet the profit/sales targets of outside
investors, even if the consequence is a smaller firm.
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Two hedging, or mid-ground mechanisms, also at times permit founders to
maintain autonomy and increase personal incomes. First, they can retain owner-
ship of their initial firm, which retains an emphasis on R&D, while entering into
equity agreements with outside investors in the launching of subsidiaries that
focus on manufacturing. Second, as a form of life-cycle choice, some founders
eschew venture capital and other outside investment during their “work years,”
and then cash out their founder’s profits in the form of equity arrangements as
they near retirement.

Besides concern about dilution of ownership prerogatives, another contribut-
ing factor in the decision of several firms to refrain from growing via addition of
manufacturing and marketing capabilities is that their management perceives the
cultures and worldviews of R&D personnel as being distinctively different from
(and perhaps superior to) those of personnel engaged in the more downstream
activities. The difficulties of integrating the cultures of R&D, manufacturing, and
marketing within a single firm were noted by several respondents. One founder
observed that in his previous employment settings, he had seen three efforts
to reorient a firm from being a service provider to providing both services and
equipment; each effort failed. In his view, a firm must decide between one or the
other. This philosophy does not, however, rule out the above-noted strategy of
spinning off subsidiaries if and when R&D leads to marketable products requir-
ing volume production. Ultimately, firm orientation depends on management
preferences—and opportunity—but this does not detract from the versatile and
timely contributions successful firms can make to meeting Defense R&D needs.

4.4.4.3 Product-oriented Firm

Product-oriented firms are firms with an existing core technical competency
and commercially viable products or services that seek to grow by expanding
into, or within, the DoD market.

SBIR topics and funds can assist product-oriented firms in starting new R&D
initiatives. They can also help the companies adjust to adverse changes in market
conditions. SBIR funds often enable the research small businesses need to make a
major course correction when such funding would otherwise be difficult to obtain
within the company’s existing resources.

For some more established firms, SBIR awards help augment existing prod-
uct lines and broaden R&D portfolios. SBIR topics both focus a firm’s attention
on potential new uses for its technologies and expertise, and provide the incen-
tive needed for the firm’s management to devote resources to the agency’s R&D
priorities rather than to other uses.

Product-oriented firms tend to have a mixed portfolio of products and cus-
tomers, often switching their R&D and commercial activities between defense
and nondefense markets as opportunities arise. In some cases, such as ACR (see
Box 4-6), SBIR has been critical in helping companies adapt when the high risks
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BOX 4-5
PSI Physical Sciences, Inc.

Physical Sciences, Inc., was established in 1973. The founders left Avco-
Everett to start their own firm partly because they sought a smaller research and
working environment; Avco-Everett at the time had about 900 employees.

PSI's growth was initially modest, based on contracts with the Air Force and
DoE. By the early 1980s, it had approximately $10m in revenues and a staff of
35-50. After a decline in the early 1980s, PSI diversified its federal customer base
as well as its range of technological expertise. As it has grown, SBIR awards have
contributed a diminishing portion of firm revenues, falling from a peak of about 60
percent in the late 1990s to a projected 35 percent in FY2006.

Since the uses of optical technology have dramatically expanded, the firm’s
technological and market bases have widened to encompass applied R&D, pro-
duction operations, and bundling of “hands-on” service delivery with the ap-
plication of newly developed products, especially in the areas of instrument
development, diagnostics, and monitoring. PSI has strategically positioned itself
in an R&D market niche defined by multidisciplinary expertise and research infra-
structure in specialized high-tech areas too small to attract major investments by
large DoD prime contractors, while at the same time too mission-driven to elicit
competition from universities.

The firm’s successes led to opportunities in new directions, but the founding
vision was to maintain owner/employee control of the firm. Hence the firm remains
focused on R&D and prototype development rather than manufacturing, which
would require additional external capital.

Some of the firm’s contracts with DoD involve development of specialized, one
of a kind technologies. These can meet critical DoD needs, but may constitute a
market with a small sales volume. Other DoD contracts led to the development of
technologies, mainly in the area of instruments, that the firm does seek to market
to the private sector. For example, PSI's SBIR-funded development of sensor
technology to detect methane gas leaks has been sold to gas utilities. In general,
sales to the private sector are largely based on technologies developed for DoD
under SBIR awards—a classic case of spin-out development.

PSI will engage in limited production of specific instruments for DoD and other
federal agencies. When its technological developments lead to commercially vi-
able products, PSI follows a mixed strategy. One approach is to form new firms,
with new, independent management, that operate as partially owned spin-outs.
Shaping this business decision is the firm’s view that the “cultures” and operational
needs of contract R&D and manufacturing firms differ sufficiently that it is more
efficient to operate them as separate entities rather than attempt to combine them
into one larger firm. Conversely, PSI also creates wholly owned subsidiaries,
focused on R&D activities, which have become eligible for SBIR competition on
their own (as long as PSI remains a small business).
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involved in a production-oriented strategy (with attendant high overheads and
substantial dependence on specific markets) leads to a crisis for the firm.

For several of the larger (yet still “‘small business”), private sector firms with
established product lines within the case study sample, SBIR funding provides a
source of incremental revenue that can be used to determine the feasibility of new
technologies without having either to cut back on manufacturing or marketing or
seek access to external capital. A pattern evident in the case histories, consistent
with the description of the strategic, commercially oriented approach to SBIR
topics employed by firms, is for a firm to seek out topics that will permit it to
test or demonstrate the applicability of its generic technology to a wider set of
applications (and thereby markets). Thus, the SBIR project becomes the test bed
to address specific technical problems (e.g., weight, durability, processing speed,
luminescence, bandwidth, etc.) of interest to DoD, which if solved could also
open up or enhance the competitiveness of the firm’s products in different markets
(e.g., medical equipment, computer games, first responder equipment, etc.)

4.4.4.4 Defense-oriented Technology-based Firm

These are existing firms whose core competency is the integration of leading
edge R&D and product development for DoD. The firms use R&D—including
SBIR awards—to advance the performance capabilities of a technology, and then
engage in an ongoing search to adapt the core technology to a widened set of
applications and users, including initially DoD but also potential customers in
the public and private sectors.

SBIR awards can provide an opportunity to explore the broader applicability
of core technologies most immediately to DoD’s needs, as stated in solicitation
topics, as well as to new uses and markets.

The typology described above is useful for understanding some of the differ-
ent strategies of small high-tech firms participating in SBIR. These can include:
(a) seeking to transition from an R&D provider into a supplier of products
and processes, subsequently followed by movements into product development,
manufacturing, and marketing; (b) failing to make this transition successfully,
possibly because of the difficulties of integrating R&D and manufacturing func-
tions (and cultures) within the same organization, and then reverting to its prior
R&D specialization; (c) deliberately rejecting the downstream transition strategy
by choosing to remain a specialized supplier of R&D services. These points are
reflected in the discussion below.

4.4.5 How Firms Use SBIR: Commercialization Case Study Results

As noted earlier, different types of firms use SBIR awards in different ways
to achieve different objectives. A series of case studies were conducted to flesh
out these varied approaches to the program. They explore the workings of the
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BOX 4-6
Advanced Ceramics Research (ACR)

From its inception in 1989, ACR sought to become a product development
company, capable of manufacturing products for varied industries. The company
knew about, but initially rejected, the SBIR program on the grounds that the
5—7 percent allowable profit was too low.

ACR shifted perspectives on the program, however, and has since participated
in SBIR programs at DoD, NASA, DoE, and NSF. SBIR awards accounted for
nearly all of ACR’s revenues by 1992, but by 2005 only 15-20 percent of its sales
were projected to come from STTR/SBIR.

Drawing in part on the advanced research being done at the University of
Michigan and its own expertise in both advanced ceramics and manufacturing,
ACR developed a general purpose technology for converting AutoCAD drawings
first into machine-readable code, and then to direct generation of ceramic, com-
posite, and metal parts.

One market with considerable potential was “flexible carriers for hard-disk
drives” for the electronics industry. ACR’s aggressive marketing soon helped
the company become a major supplier to firms such as SpeedFam Corporation,
Komag, Seagate, and IBM. Demand for this product line grew rapidly, enabling the
firm to go to a three-shift, seven-day-a-week operation. Demand for ACR’s elec-
tronic products grew fast during the 1990s, from 5,000 to 60,000 units monthly,
and ACR built a new 30,000 square foot plant. The electronics market for ACR’s
products, however, declined abruptly in 1997, when two of its major customers
shifted production to Asia. The loss of its carrier business was a major reversal
for the firm. Heavy layoffs resulted, and employment declined to low of about 28
employees in 1998.

The next 2 years are described as a period of reinvention for survival. The
firm’s R&D division, formerly a money-loser, became its primary source of rev-
enue. The explicit policy was to undertake only that R&D which had discernible
profit margins and the opportunity for near-term commercialization.

Since 2000, ACR has received funding from the Office of Naval Research
(ONR) to develop a new low-cost, small unmanned aerial vehicle (UAV), initially
for whale watching around Hawaii, in support of the Navy’s underwater sonic
activities. Once developed, the UAV’s value as a low-cost, highly flexible, more
general purpose battlefield surveillance tool soon became apparent, and ONR
provided additional funding to further refine the UAV for use in Iraq.

ACR is now actively engaged in the continued development and marketing of
Silver Fox, a small, low-cost UAV, supported by awards under DoD’s SBIR (and
STTR) program, which have funded collaboration between ACR and researchers
at the University of Arizona, University of California-Berkeley, the University of
California-Los Angeles, and MIT.
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SBIR program, how SBIR awards enter into the business history and strategy of
a firm, and the process of technological innovation at the firm level.

4.4.5.1 SBIR and Entrepreneurship

Several themes emerge. The first is the connection between SBIR funding
and entrepreneurship in defense-related industries. The NRC Firm Survey data
indicate that, for 78 percent of the respondent firms, at least one founder’s most
recent employment was at a private company. For 28 percent of the firms, at
least one founder came directly from a university and, for 7 percent of the firms,
at least one founder was most recently employed by the government.% The case
studies provide additional detail on prior employment. In a majority of the 31
cases, the firm’s founder (or founders) was an individual who had worked for a
large defense or aerospace firm, and who had left a relatively senior or secure
position to develop and commercialize a specific technology.®

The founders had several reasons for making this move. In some cases, it
reflected a desire to start out on one’s own; reflecting what one founder called
his “entrepreneurial heritage.” In other cases, it reflected a desire to pursue de-
velopment of a technology that had been sidetracked in the larger R&D portfolio
of a prime contractor, as in the case of Trident Systems, above. Some founders
revealed that their move was caused by frustration and disappointment that deci-
sions and values within a formerly technologically innovative firm had given way
to preoccupation with short-term financial targets.

The high percentage of former defense-related employees among the set
of firm founders helps to explain some of the data noted above. It is consistent
with the limited involvement of third parties in providing technical assistance,
as many SBIR firms were already familiar with DoD’s needs and with federal
contracting and cost accounting practices. It also reinforces the view that SBIR
firms are not necessarily oriented toward rapid financial returns along the lines
of the traditional VC model.

Several of the firms explored in the case studies were true “garage” start-ups.
Founders located their first activities within garages, basements, or children’s
bedrooms. Several reported relying on their own savings or funds from relatives
to start their businesses. A number recounted a period of serving as consultants
to their former employers, customers of those employers, or DoD organizations
with whom they had formerly worked, as a transition stage in which they crystal-
lized their technological visions and embryonic business plans while still earning
an income.

%These data are for DoD only. NRC Firm Survey results reported in Appendix B are for all agencies
(DoD, NIH, NSF, DoE, and NASA).

%Examples here include Applied Signal Technology, Bihrle Applied Research, Custom Manufac-
turing & Engineering, First RF Corporation, JX Crystals, Physical Sciences, Inc., Scientific Research
Corporation and Systems, and Process Engineering Corporation.
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These activities served mainly to launch their businesses. The challenge for
many was “working capital” to meet payroll for even a few employees, purchase
the components necessary to develop and build even rough prototypes (which
were seen as a competitive edge toward winning a Phase II award), and to pay
for unavoidable overheads. Founders reported mortgaging their homes, drawing
down their children’s college savings accounts, and foregoing salary for extended
periods of time.

At this point in the development process, prospects for venture capital fund-
ing were nil. More importantly, their access to bank loans was also limited.
Founders reported that a Phase I or even Phase II award usually did not provide
sufficient collateral for the firm to qualify for a bank loan. State government
programs likewise were seen as better suited to later-stage development, or as
dependent on securing funds from a third party, which the state would then seek
to leverage. Some firms noted that the payback requirements of state loans were
more demanding than those offered by banks.

As aresult of all these factors, start-up firms clearly found SBIR Phase I and
Phase II awards to be an indispensable source of initial seed capital.

4.4.5.2 Firm Complexity

The case histories also offer a more complex picture of firm behaviors than
suggested by the stylized dichotomy of “commercializers” and “mills” that per-
vades many discussions about the SBIR program, at least with respect to DoD.
DoD awards data indicate the presence of a small number of firms with more than
50 Phase I and Phase IT awards. Case studies indicate that some of these firms
have purposefully positioned themselves to be primarily, but not exclusively,
performers of contract R&D. Their business strategy is not necessarily to pursue
SBIR awards, but to address the specific, sometimes “one-off,” research, testing,
and evaluation needs of one or more services and agencies.

As noted above, earlier reductions in DoD 6.2 funding had led services
and agencies to turn to the SBIR program to undertake R&D projects that were
deleted or delayed as a result of budget cutbacks. Interviews with DoD SBIR
managers suggest that although this practice has been reduced by subsequent
thrusts to promote dual-use technology and more commercialization, it neverthe-
less remains part of the portfolio of approaches used by topic authors to achieve
mission-oriented R&D objectives.

A group of small, high-tech, defense-oriented firms have positioned them-
selves to serve these niche R&D markets. Implicitly, the SBIR awards received
by such niche firms attest to the needs of DoD Services and agencies for spe-
cialized extramural R&D services. The awards also underscore the flexible (but
still competition-based) use the R&D managers are making of the SBIR topic
generation and solicitation processes to get needed research accomplished in a
difficult budgetary environment.
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The diversity of these awards highlights the way in which small firms can
meet important needs at DoD, not least by addressing problems that provide too
small a market to justify the interest of larger defense contractors. These firms
may have advantages over academic institutions as well, including specialized
equipment, willingness to engage in classified research, and, especially important,
the capacity to address demanding time schedules, generated by newly emerging
national security needs.

4.4.5.3 SBIR and Competition: A Useful Characteristic for Small Firms

The highly competitive character of DoD’s SBIR selection process, de-
scribed in Chapter 6, is well recognized, and, in many respects, valued by firms.
Especially at the Phase I stage, firm executives view the selection process as
generating a level playing field. Because they perceive the SBIR award process
to be so highly competitive, firms report using a fine mesh filter in deciding
whether or not to invest internal resources in preparing an SBIR proposal. Dur-
ing interviews, several firms emphasized that they submitted Phase I proposals
only if they could foresee a definable product and market.®’” Unsuccessful firms
also noted that they often received valuable feedback from DoD personnel about
why their proposal was not funded. The technical commentary contained in this
feedback often provided useful guidance for reworking the technology outlined in
the initial proposal, akin to “revise and resubmit” commentary found in refereed
journal or proposal review panels.

Another recurrent theme to emerge from the case histories is that firms do not
see SBIR awards as “free” goods.%® Preparing a Phase I proposal is not costless
to the firm. It involves the direct expenditure of funds for staff time, as well as
the allocation of the firm’s limited pool of researchers to pursuing SBIR awards
rather than alternative contracts.

Firms with DoD awards often have received awards from at least one other
agency (NASA being the most frequently cited couplet). Thus, submission of
proposals to DoD, or any other agency, not only entail costs in the direct sense
of expenditures for staff time and ancillary contract services, but also represents
an opportunity cost in submitting proposals to one agency instead of another.
Interviewed firms describe careful calculations about how many proposals to
write about which topics and to which agencies. Several firms report using in-

"This is not to say that these forecasts were accurate. As later described, firm histories highlight
how technologies have often evolved into quite different applications than markets and customers
had originally conceived.

%Sample selection issues affect the generalizability of this account. The case studies recount the
experiences of Phase II winners only. Thus, it is possible that the motivations of firms who were un-
successful in securing Phase I awards or those who had Phase I awards but not Phase II awards differs
from this sample. Indeed, one of implicit determining factors between winners and losers of Phase II
awards, given a Phase I award, may be the very characteristic of having an a priori commercial target
in mind when the Phase I project was initially submitted.
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ternal policy and review committees to apportion resources to support staff time
to write proposals.

4.4.5.4 Indirect/Nonlinear Commercialization

Another theme to emerge from the case histories is that the initial topic and
the resulting commercial use are not always the same. A related subtheme is that
this process of matching needs and capabilities often takes several years.

Two examples illustrate the times lags and unexpected outcome that fre-
quently characterize new technologies and small firm growth. One example is
Savi Technology’s well-known success with radio identification devices, now
widely employed in both commercial and defense markets. It was originally in-
tended as a product that would be installed in children’s shoes as a way for parents
to monitor their location. A second example is Starsys Research Corporation’s
success as both a performer of R&D and manufacturer of components for launch
release systems and satellite capture systems, with diversified funding from the
Air Force, MDA, NASA, and the commercial sector. These accomplishments
are based on a core technology for nonelectronic thermal control systems origi-
nally aimed at the commercial water heater market. Thermacore International’s
core technology involves the conversion of heat to electricity. Started in 1970 at
the time of the shift in national energy and environmental policy from nuclear
to solar power, the firm worked on developing heat pipe technologies for solar
applications under a series of SBIR and non-SBIR contracts from DoD, NASA,
and DoE. As the market for personal computers grew, so did the importance of
finding solutions to dissipating the computers’ internal heat. The marketplace thus
created new uses for the firm’s technology, allowing it to quickly expand into a
major component supplier to HP, Dell, IBM, and Sun.

4.4.5.5 The Importance of the DoD SBIR Program for the Participating
Firms

The single overriding theme that emerges from the case histories is the
importance assigned by these firms to the DoD SBIR program. Beyond its
contribution to the firm’s history, SBIR is seen by the companies as a beneficial
national investment strategy in technological innovation, in the birth and growth
of small, high-technology firms, and in enhanced national defense capabilities.
These assessments are independent of whether or not the firm is currently eligible
to submit an SBIR proposal, whether or not it currently has an SBIR award, the
absolute and relative dollar amount of SBIR revenues to total firm revenues, and
whether or not the firm operates within defense or nondefense markets. Indeed,
some of the strongest statements on behalf of the program emanate from firms
that are no longer eligible for the program or whose growth and current prosperity
is based on DoD awards made a decade ago or more. Looking back, these now-
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TABLE 4-16 SBIR Impacts on Company Growth

Number of Responses Percent of Responses
Less than 25% 132 29.5
25% to 50% 100 224
51% to 75% 78 17.4
More than 75% 137 30.6
Total 447 100.0

NOTE: Data reported in Table 4-16 are for firms with at least one DoD award. NRC
Firm Survey results reported in Appendix B are for all agencies (DoD, NIH, NSF,
DoE, and NASA).

SOURCE: NRC Firm Survey.

successful firms credit the DoD SBIR program with providing critical infusions
of funds in their formative period.

As reported in the case studies, limited access to capital to scale up produc-
tion is often a significant hurdle to commercialization. Not unexpectedly, the
primary sources of expansion capital reported are retained earnings, bank loans,
angel capital, and venture capital, with a small amount of state government aug-
ments. Some firms report ongoing discussions with venture capital representatives
about new infusions of funds to permit expansion. Other firms report less positive
interactions with the venture capital community. Some are too new, too small, or
too early in the product development process to have elicited any interest from
investors in the venture capital community, hence the importance of SBIR awards
as a validation of the technology and, indirectly, of the firm’s potential.

4.4.6 SBIR and Firm Growth

Estimates about the effect of the SBIR program as a whole (and individual
projects in particular) on company growth must involve an element of judgment
and one best provided by the firm itself, survey respondents did provide their own
estimates of the SBIR program’s impact on their development (see Table 4-16).

Almost half of respondents (48 percent) indicated that more than half of the
growth experienced by their firm was directly attributable to SBIR. This too is
evidence of the powerful influence of SBIR on the development trajectories of
firms winning SBIR awards.

4.5 SBIR AND THE EXPANSION OF KNOWLEDGE

Quantitative metrics for assessing knowledge outputs from research pro-
grams are well known, though far from comprehensive. Patents, peer-reviewed
publications, and, to a lesser extent, copyrights and trademarks are all widely used
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metrics. They are each discussed in detail below. However, it is also important
to understand that these metrics do not capture the entire transfer of knowledge
involved in programs such as SBIR. Michael Squillante, Vice-President for Re-
search at Radiation Monitoring Devices, Inc., points out that there may be very
substantial benefits from the development and diffusion of knowledge that is
simply not reflected in any quantitative metric:

For example, our research led to a reduction in the incidence of stroke following
open-heart surgery. Under an NIH SBIR grant we developed a tool for medical
researchers who were examining the causes of minor and major post-operative
stroke occurring after open-heart surgery.®

It is therefore critically important to understand that the quantitative metrics
discussed below are an indicator of the expansion of knowledge. They reflect
that expansion but do not entirely capture it. In particular, they say little about
the impact of knowledge which generated no patent, no commercial sales, and no
impact on the company’s bottom line. As can be seen from Squillante’s example
above, some of these unquantifiable technological developments can remarkably
improve outcomes for other actors (like open-heart surgeons).

BOX 4-7

“Results! Why, man, | have gotten a lot of results. | know several thousand things
that won’t work.”
Thomas A. Edison

In addition, there is also strong evidence within the literature for the exis-
tence of what have been called “indirect effects”—spillover effects that are not
captured within the context of a single project or even a single company, but may
nonetheless make an important contribution to the field. Even if a project fails to
reach the market, and is eventually shuttered, knowledge gained can be important
in several ways: it can help other companies (and DoD itself) avoid technological
dead ends (as exemplified by Edison’s quote above); it can create knowledge that
is then used in subsequent projects, inside or outside the company; it can expand
human capital, by helping the PI to learn more; and it can support the transition
from a solely scientific orientation to one with more commercial understanding.
None of these important effects can be easily captured in a quantitative analysis
using the currently available tools.

Many commercial uses of new knowledge are discussed above in the sec-
tions on commercialization. But new knowledge may also be made a public good
via open publications and presentations, even when such dissemination could

%Michael Squillante, testimony presented to the NRC research team, June 11, 2004.
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TABLE 4-17 Patents, Copyrights, Trademarks and/or Scientific Publications

Number Applied For/Submitted Number Received/Published
836 Patents 398

71 Copyrights 62

211 Trademarks 176

1,028 Scientific Publications 990

SOURCE: NRC Phase II Survey.

limit the firm’s ability to later claim intellectual property. Limits on the scope of
patents and multiple forms of “leakage’ of proprietary knowledge may also lead
to spillover benefits, as others employ the new knowledge without paying the
inventing firm for its use.”®

As shown in Table 4-17, the 816 firms responding to this question on the
NRC Phase II survey applied for 836 patents, and had, at the time of the survey,
received 398. These firms reported having published 990 related scientific pub-
lications, with an additional 38 under review. In addition, 593 Phase I awards
that did not directly result in a Phase II generated 108 patents, with eight appli-
cations in review, and 157 scientific publications, with an additional four under
review.”!

Of the 564 DoD respondents that answered this question, 42 percent indi-
cated zero patents, and 28 percent reported receiving one or two patents. The
average number of patents per firm was 3.5. A few firms invested heavily in
patenting SBIR innovations, however. Slightly less than ten percent of the firms
reported ten or more patents, and four firms reported receiving 50 patents or
more.”> The activities of the 25 firms included in the case study portion of the
study suggest the probability of sizeable increases in coming years in the number
of patents received by SBIR firms.

The absence of comparison groups as well as case study findings point to
the need to exercise great care in interpreting these survey data. Lacking a com-
parative yardstick that provides patent or publication data on other, comparable
firms, it is not possible to say whether the reported numbers for SBIR awardees
are high or low.”3

Patents are seen as indispensable forms of intellectual property rights protec-

"OFor an informed discussion of this phenomenon, see A. Jaffe, Economic Analysis of Research
Spillovers: Implications for the Advanced Technology Program, NIST GCR 97-708, Gaithersburg,
MD: National Institute of Standards and Technology, 1996.

7INRC Phase I Survey.

>These data indicate the tendency of firms which have received DoD SBIR awards, to patent, not
the number of patents exclusively tied to DoD only awards. Some number of these reported patents
are likely attributable to SBIR/STTR awards from other agencies.

73Examples include number of patents per million dollars of sales, or number of patents per number
of SBIR awards, to gauge the effectiveness of the SBIR program across agencies.
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TABLE 4-18 Projects Reporting Patent Applications and Awards

Projects with Patent Applications Projects with Patents Awards
Number Percent Number Percent
Yes 281 344 205 25.1
No 535 65.6 611 74.9
Total 816 816

SOURCE: NRC Phase II Survey.

tion for most of the case study firms. Many SBIR awardees generate products
and services that are inputs into the larger weapons systems being managed by
large defense contractors. Without strong patent protection, firms are wary about
entering into subcontracting relationships with prime contractors. They fear that
the larger firm will imitate, reverse engineer, or preemptively patent function-
ally equivalent technologies, thus eliminating the SBIR firm’s major or only
market.”*

However, some case study firms are resource constrained in pursuing an
active patent protection strategy. Other firms see patents as a limited, relatively
ineffective or inefficient form of intellectual property protection given their tech-
nology domain or the size of the prospective market. Thus, some firms do not
pursue patents, relying instead on trade secrets and know-how to protect their in-
tellectual property. Choice of this strategy is influenced in part by the assessment
that patents provide little economic benefit if the dominant customer of the firm’s
product is the U.S. government, which under SBIR is entitled to royalty-free use
of resulting technology. Also, this strategy avoids the costs of patenting and the
associated public disclosure of related proprietary technological knowledge.

4.5.1 Patents

As noted above, SBIR awards are generally a significant patent stream.
Table 4-18 reports findings on patents and publications, as well as other forms
of intellectual property rights protection, received by NRC Phase II Survey re-
spondents as a result of Phase II awards. The NRC Phase II Survey data indicate
that about one-fourth of respondents received patents related to the relevant

74The Night Vision Corp. v. The United States of America patent case filed before the United States
Court of Federal Claims represents a variation on these concerns. In this case, Night Vision sued the
United States claiming that the Air Force shared with another firm, Insight, prototypes that it had
developed, and that Insight had then disassembled the prototypes, violating its SBIR data rights. See
U.S. Court of Federal Claims, No. 03-1214C. 25 May 2005. See also U.S. Court of Appeals for the
Federal Circuit, 06-5048, November 22, 2006.
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SBIR-funded project, and about 34 percent of projects generated at least one
patent application.

These data are similar, though slightly lower, than those reported at NIH.
They indicate that at a minimum, one-third of projects generated knowledge that
was judged by the firm to be sufficiently unique and commercially important to
be worth the significant expense of patent filing. And a quarter of all projects
reported that government examiners agreed and awarded at least one patent.

This is a very significant finding. It can be viewed as addressing the tip of
the knowledge iceberg. Only a small percentage of the knowledge generated dur-
ing a research project meets the relatively stringent tests indicated above. Most
research outcomes are not sufficiently unique to qualify for patent protection.
And even unique knowledge must pass formidable internal hurdles before patent
protection is sought, as the process is expensive and time-consuming.

Most companies file only one project-related patent. However, a few file
many, as shown by Figure 4-15.

Because it is sometimes assumed that smaller firms have more limited access
to the funds and expertise necessary to file patents, we examined the relationship
between patent filing and firm size (see Figure 4-16).

By developing a “patenting ratio”—the ratio of firms with at least one patent
awarded to all responses, by size of firm—the data seems to show that projects at
firms with more than 75 employees are less likely to generate patents than those
with less than 75 employees. The former generate 0.23 patents per project, the
latter more than twice as many, 0.56, although this may be in part because larger
firms are more likely to engage in manufacturing and other activities in addition
to R&D. It may also reflect differences among sectors—for example, between
information technology and less patent prone sectors.

3-5 Patents
(12%)

6-10 Patents
(2%)

11-20 Patents
(2%)

2 Patents (21%)

1 Patent (63%)

FIGURE 4-15 Distribution of patenting activities—Responding projects.
SOURCE: NRC Phase II Survey.
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FIGURE 4-16 Patents and firm size at time of survey.
SOURCE: NRC Phase II Survey.

This is somewhat counterintuitive, as larger firms tend to have more re-
sources, and patenting is expensive. Case studies do suggest that for these larger
firms with better access to financial resources, SBIR projects tend to be deployed
on research that is not in the company’s core strategic plan, and is therefore less
likely to be seen as having immediate commercial benefit (necessary to attract
the internal resources for patenting).

Analysis of the scientific importance of the patents listed has not been pos-
sible, as the patents themselves were not disclosed in the course of the survey.

4.5.1.1 Knowledge Generation vs. Commercialization?

It has also been suggested that there might be a disconnect between research-
oriented firms and commercially oriented firms, and that SBIR programs should
be adjusted to focus more effectively on the latter. This is—partly—the purpose
of including the CAI in SBIR proposal reviews.

The NRC Phase II Survey can help to test the hypothesis that commercially
oriented companies were focused on areas different from research-oriented firms.
If this hypothesis was correct, we would anticipate a distinction between firms
that report IP-related activities (filing patents, copyrights, and trademarks, and
seeking publications) and those undertaking marketing activities (preparation of
marking plans, hiring marketing staff, etc.).

In fact, Figure 4-17 shows that no such distinction is observed. 40 percent
of respondents report both IP- and marketing-related activities, and a further 22
percent report neither. About 28 percent appear to fit the “commercially oriented”
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FIGURE 4-17 Patenting and marketing activities tend to be complements not
substitutes.
SOURCE: NRC Phase II Survey.

model with no IP activities, and just over 10 percent fit the “research-oriented”
model with no marketing activities.

It thus appears that the SBIR program has been quite successful in encourag-
ing firms engaging in early-stage research to focus on the commercial applica-
tions that might be drawn from that work. Two-thirds of the respondents in this
sample report some specific marketing activities related to the project.

4.5.2 Scientific Publications

Publications fill two important roles in the study of SBIR programs. First,
they provide an indication of the quality of the research being conducted with
program funds. More than half of the DoD-funded projects were of sufficient
value to generate at least one peer-reviewed publication. Second, scientific pub-
lications are themselves the primary mechanism thorough which knowledge is
transmitted within the scientific community.

The existence of papers based on SBIR projects is therefore direct evidence
that the results of these projects are being disseminated widely, which in turn
means that the congressional mandate to support scientific outcomes is being
met.

Unlike NIH, where scientific publication is at the core of the enterprise for
both the agency and the investigators (who are overwhelmingly drawn from
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academic environments), publication is not always viewed as an unmixed bless-
ing in the DoD environment. Even where founders had advanced degrees, their
professional careers in the military and industry had moved them away from
emphasizing peer-reviewed publications as a mode for establishing priority or
disseminating research findings. More common in the security industry are pre-
sentations at professional meetings, or briefings with sponsors and users. Knowl-
edge in general seems to be viewed more pragmatically and commercially, being
released publicly in some cases but not in others.

Bearing these points in mind, considerable scientific publication still comes
from DoD-funded SBIR research. Out of the 816 projects responding to the rel-
evant question in the NRC Phase II Survey, 348 (42.6 percent) reported at least
one scientific peer-reviewed publication related to the project, and some reported
many more (see Figure 4-18).

This compares with 53.5 percent at NIH. About 15 percent of DoD projects
with publications had published a single paper, but one company had published
114 papers on the basis of its SBIR, two others had published at least 100, and
two more had published between 50 and 100 papers.

These data fit well with case studies and interviews, which suggested that
SBIR companies are proud of the quality of their research, and justifiably so
given their success in publication. Publications are featured prominently on many
company Web sites, and companies like SAM—among many others—made a
point during interviews that their work was of the highest technical quality as
measured in the single measure that counts most in the scientific community,
peer-reviewed publications.

11-30 30+
6-10  (1%) (1%)
(6%)

5 (7%) 1(32%)

4 (8%)

3 (16%)

2 (29%)

FIGURE 4-18 Project-related scientific peer-reviewed publications.

NOTE: This figure provides a breakout of the number of publications among those that
reported at least one scientific peer-reviewed publication.

SOURCE: NRC Phase II Survey.
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4.5.3 SBIR and the Universities

There is anecdotal evidence from case study interviews and papers presented
at the 2004 Technology Transfer Society Conference in Albany that university
views about SBIR have begun to change.” Traditionally, universities have been
wary of SBIR, partly because it might “distract” faculty from the pure pursuit
of knowledge, and partly because it may lure faculty away from academic work
altogether into commercial research. More fundamentally, SBIR has been seen as
diverting resources from the other activities of research agencies—notably NSF
and NIH—whose funds would likely find their way to universities or university
researchers.

This view is changing. As universities themselves have become much more
concerned about the commercial side of research—witness the dramatic in-
crease in university patenting and licensing activities reported by NSF and the
widespread introduction of IP-related clauses into faculty contracts—they have
begin to see SBIR as a positive source of funding for research. Universities are
increasingly looking toward mechanism of technology transfer as they increase
their ties to their surrounding locales. As a part of this effort, many universities
now make a conscious effort to inform faculty about SBIR, even helping faculty
put together SBIR applications.

A quarter of projects indicated that there had been involvement by universi-
ties’ faculty, graduate students, or the university itself in developed technologies.
For the response to a follow-up question on the variety of relationships this en-
compasses, see Table 4-19.76

The wide range of roles played by university staff and students indicate once
more the multiple ways in which SBIR projects increase the knowledge base of
the nation. Involvement in these projects provides different opportunities for
university staff than those available within the academy.

The results of this change in perspective were certainly indicated in the
course of case studies, where a number of SBIR recipient firms indicated the
importance of their ties to universities.

These stories suggest that the flow of information and funding between small
businesses and universities working within the SBIR framework is neither simple
nor unidirectional. The constant flow of feedback, testing, and insights between
university researchers and staff at SBIR awardees helped to move those compa-
nies forward toward product deployment into new research areas.

One further impact of SBIR has been to facilitate transitions of both tech-

3See <hittp:///www.t2society.org>.

76See questions 30 and 31 in the NRC Phase II Survey, presented in Appendix B. Of the 837 re-
spondents to these questions, 25 percent responded in the positive (and 75 percent in the negative)
to question 30 as to whether there was any involvement by university faculty, graduate students,
and/or university developed technologies in executing this award. Responses to Question 31, shown
in Table 4-19 address any relationships between the respondent’s firm on the Phase II project being
surveyed the same 837 respondents who answered Question 30, not just those who answered “yes.”
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TABLE 4-19 University Involvement in SBIR Projects

1.3% The Principal Investigator (PI) for this Phase II project was at the time of the
project a faculty member.

1.3% The Principal Investigator (PI) for this Phase II project was at the time of the
project an adjunct faculty member.

13.6% Faculty member(s) or adjunct faculty member(s) work on this Phase II project
in a role other than PI, e.g., consultant.

11.4% Graduate students worked on this Phase II project.

9.2% University/college facilities and/or equipment were used on this Phase 11
project.

2.2% The technology for this project was licensed from a university or college.

3.9% The technology for this project was originally developed at a university or

college by one of the percipients in this Phase II project.

12.5% A university or college was a subcontractor on this Phase II project.

NOTE: Survey respondents could check more than one category.
SOURCE: NRC Phase II Survey (n = 837).

nologies and researchers from university labs to the commercial environment.
Data from the NRC Firm Survey (using data for all agencies) strongly support
this hypothesis, with 66 percent of SBIR companies including at least one aca-
demic as founder, and 28 percent having more than one academic as a founder
(see Figure 4-19). The same survey found that about one-third of founders were
most recently employed in an academic environment before founding the new
company.

These data and evidence from case studies strongly indicate that SBIR has
indeed encouraged some academic scientists to work in a more commercial
environment.

What is not clear from this research is the extent to which universities them-
selves see SBIR as a mechanism for technology transfer, commercialization, and
additional funding for university researchers. These questions are beyond the
scope of the current study but merit additional research.

4.5.4 Inventions and Indirect Knowledge

This analysis has understandably focused on the data available from the
NRC Phase II Survey about the IP-related activities of firms. However, it must
be stressed that these are only the formal IP-related activities. Every project gen-
erates a very wide range of less formal, less easily captured knowledge effects,
which are nonetheless important despite being very difficult or even impossible to
quantify. The case of Thermacore, described in Box 4-9, provides some insights
into this kind of program effect.
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BOX 4-8
Brimrose Corporation

Brimrose Corporation was founded by Dr. Ronald G. Rosemeier while still a
Ph.D. student in Johns Hopkins University material science program. After gradu-
ation, working as a post-doctoral student at the University of Maryland, he started
writing SBIR proposals.

After three years of submitting unsuccessful proposals, he was awarded four
Phase I's, whose total value approximated $200,000. He started hiring his first em-
ployees and began applying for loans at banks. Because banks were not willing to
give him loans backed by the SBIR awards, he amassed charges of $100,000 on
credit cards. Six months later he wrote the follow-on Phase Il proposals, receiving
awards on three of them for a total of $1.5 million.

With these funds, he was able to hire additional employees, and expand opera-
tions. At that time 10 percent of the firm’s revenues were from commercial sales
(selling X-ray imaging at tradeshows) and 90 percent from the SBIR awards. As
the firm started commercializing new products, this percentage shifted to 80 per-
cent commercial revenue and 20 percent SBIR revenue. Most of the R&D team
and few of the support staff were hired under SBIR related activities. Brimrose
began operations with 6 employees; by 2005 its employment level had reached
approximately 60 employees. Overall, throughout its history, Brimrose has re-
ceived 65 Phase | and 28 Phase Il SBIR awards.

The firm’s major lines of business are industrial process control spectroscopy
in the pharmaceutical and petrochemical industries, nondestructive testing and
evaluation and novel opto-electronics devices. Its business model is to specialize
in applied R&D. A few of the SBIR programs have directly resulted in commercial
products but most have led to product improvements.

The firm’s commercialization strategy emerged from and has been greatly en-
hanced through its participation in SBIRs. The Phase | and Phase || SBIR funding
allowed them to determine the feasibility of new technology and develop it to the
point of prototype development without allocation of significant internal resources.
Following prototype development, Brimrose used internal funds from previous
commercial sales to bring the technology to the point of commercial availability.
Thus, the SBIR funds lowered the company’s financial burden by decreasing the
risks associated with new technology development.

4.6 UNDERSTANDING OUTCOMES: EMPIRICAL FINDINGS

Overlapping methods were used to address questions relating to commer-
cialization of DoD’s SBIR research. First, a Web-based survey was conducted
of firms that had received at least one Phase II award between the years 1992—
2001.77 Second, case histories were prepared of a sample of firms that had
received Phase II awards. Thirty-one firms representing a cross-section of DoD
sponsoring agencies and states were selected for study. Third, an additional Web-

7TAppendix B contains a full account of the survey methodology.
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BOX 4-9
Thermacore: Creating Knowledge and Capacity

Many of the benefits to participants and their clients are hard to quantify.
Thermacore, for example, believes that its experiences under the SBIR program
provided it with a “brain pool” of “know-how” related to manufacturing reliability.
These tacit skills have contributed to the firm’s ongoing competitive position even
as patents on its initial core technologies have expired.

Thermacore was founded by Yale Eastman, an RCA employee, in 1970. The
firm started as a “garage” start-up, focused on RCA-abandoned heat pipe tech-
nologies for solar applications. Throughout most of the 1970s, the company
remained small, with no more than ten employees, working on industry and gov-
ernment R&D contracts. In the 1980s, it began to grow via non-SBIR and SBIR
R&D contracts primarily from NASA, DoD, and DoE.

Thermacore and SBIR. Thermacore began active pursuit of SBIR awards
in the early 1980s. While it remained eligible, Thermacore received 82 SBIR
awards from several government agencies, including DoD, NASA, and DoE. This
substantial and repeated support, provided by several agencies over a number of
years, highlights the way in which SBIR supports technologies that are complex
and require a number of incremental technological advances to transition an R&D
concept into a viable commercial product.

Thermacore describes its growth as a case of the marketplace catching up to
its technology. In the early 1990s, Thermacore was approached by Intel to discuss
the possibility of mass producing its heat pipe technology for use in the rapidly
growing market for personal computers. With financial support from a venture
capital firm, Thermacore took the risk of setting up a production line before receiv-
ing orders. Subsequently, it received large orders from several major computer
manufacturers, such as HP, Dell, IBM, and Sun.

Reflecting its transition from an R&D to a production-oriented firm, contract
R&D projects and OEM work now account for only 6 percent of revenues; 94
percent comes from sale of commercial products.

After its sale in 2001, following the retirement of its founder, Thermacore be-
came ineligible for SBIR awards because it was a wholly owned subsidiary of a
larger company. It does however continue to do some SBIR-funded research as
a subcontractor to small firms conducting Phase | and Il research.

based survey addressed Phase I awards. Additional data were collected from the
DoD CAI index database.

Collectively, these methods strongly suggest that DoD companies funded
by SBIR do commercialize their results, and that the rate of commercialization
appears to be increasing. Thus, the charge of low commercialization by multiple-
award winners no longer appears to be supported by the data.”® If it even was a

78The 1992 GAO study that identified this “trend” is often cited by the GAO investigators, multiple
caveats are not. For example, the limited time frame of the study for several of the years studied, e.g.,
1987 awards reviewed in 1990. See U.S. Government Accounting Office, Federal Research: Small
Business Innovation Research Shows Success but Can Be Strengthened, GAO/RCED-92-37, op. cit.
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FIGURE 4-19 Number of academics as founders.
SOURCE: NRC Firm Survey.

problem in the past, it is now to a considerable extent resolved, with some very
large winners graduating from the program in various ways (e.g., Foster-Miller’s
purchase by a foreign firm, which made it ineligible) and also clear evidence that
some multiple-award winners are now reducing their dependence on SBIR, and to
generate more substantial commercial results (e.g., Radiation Monitoring, PSI).

The findings from the three approaches are generally consistent with one
another and complementary. The case studies provide explanations for findings
generated via the two sets of surveys. The findings from the separate approaches
at times though tend to emphasize different aspects of SBIR’s program impacts
mainly because they frame the question of commercialization differently. The
survey findings, in keeping with congressional and Executive Branch usage, de-
fine commercialization in terms of economic outcome measures, such as sales,
investment, employment, and patents. The case histories contain data on these
variables, but also narratives about firm formation, business strategies, intellectual
property rights strategies, and processes of technological innovation and diffusion
of innovations. They also contain limited data on the gestation processes connect-
ing SBIR awards and commercial outcomes.

The review of outcomes described in this chapter provides an overview of
an effective program, meeting a wide variety of program goals. The DoD awards
are generating new knowledge evidenced in publications and successful patent-
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ing activity, new products and processes to maintain equipment, improve sup-
ply management, and develop new products to better support and defend those
charged with combat missions. The program also provides valuable linkage be-
tween university professors and students and the commercial and defense market
place. By growing and nurturing the defense industrial base, the program is also
encouraging high-tech entrepreneurship, thereby increasing innovation, encour-
aging competition, and offering greater choices. The SBIR program is helping
DoD to meet the new and often sudden challenges of a turbulent world.
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5.1 CHARACTERISTICS OF PHASE IIT

Phase III is defined in the authorizing legislation as commercialization of
SBIR technologies beyond Phase II. It differs from Phase II in that the set-aside
SBIR funding may not be used for Phase III; funding for this phase must come
from elsewhere in agency budgets, or from nongovernmental sources.

At DoD, Phase III is especially important because it encompasses two of the
primary objectives of the program: commercialization, and—more importantly
to DoD—the transition of technologies from SBIR projects into DoD acquisition

BOX 5-1
Definition of Commercialization

“Commercialization is the process of developing marketable products or ser-
vices and producing and delivering products or services for sale (whether by the
originating party or by others) to government or commercial markets. A ‘Phase III
is work that derives from, extends, or logically concludes effort(s) performed under
prior SBIR funding agreements (Phase | & Il). Phase Il contracts are not SBIR
funds and may be for products, production, services, additional R/R&D, or any
combination that is funded by the government, defense or nondefense commercial
vendors, or individuals.”

SOURCE: U.S. Small Business Administration, SBIR Final Policy Directive, September
2002.
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programs. Small businesses are critically important to technology development
at DoD. According to Michael Caccuitto, DoD SBIR program administrator,
after assessing 255 industrial capabilities, DoD concluded that 36 percent of the
companies with relevant products have less than 100 employees. '

“Phase III” is not funded by any line item. It is a phrase that describes post-
Phase IT commercialization or agency acquisition of SBIR-sponsored technology.
There is no formal program or budget for “Phase III.”

In the early years of the SBIR program, Phase III was not a very high pri-
ority. SBIR topics were defined and awards were made largely in line with the
interests and activities of the wider R&D programs—for example, the Army
Research Labs. During the 1990s, following the renewal of the program, grow-
ing pressure from Congress, and changes in priorities of the leadership in the
Pentagon, gradually shifted the SBIR program’s emphasis toward serving the
warfighter more directly, and specifically to the issue of Phase III.

5.1.1 Congress

Over the past fifteen years, Congress has repeatedly directed SBIR programs
generally, and DoD in particular, to emphasize commercialization and to promote
the use of SBIR-sponsored technologies in acquisition programs.

Congress has considered the Phase III component of SBIR at the time of
each reauthorization. In 1992 the SBIR Reauthorization? increased the emphasis
on commercialization. In 1999, Sec 818 of Defense Authorization Act required
“favorable consideration [for SBIR projects] in acquisition planning process.”3
More recently, the 2005 Defense Authorization Act, House Armed Services Com-
mittee (HASC) report “directs USD (AT&L) to encourage DoD acquisition man-
agers and prime contractors to make significantly more SBIR Phase III contract
awards . . . and to report on DoD Phase III contracts during last three years.”*

The 2002 SBIR law reauthorization directed the SBA to strengthen SBIR
guidelines by mandating Phase III commercialization “whenever possible.”

House Report 108-491 accompanying the National Defense Authorization
Act—FY?2005, directed the Under Secretary of Defense for Acquisition, Technol-
ogy & Logistics to encourage acquisition program managers and prime contrac-
tors to make significantly more SBIR Phase III contract awards and to report to
the congressional defense committees on actions taken by March 31, 2005.

IPresentation by Michael Caccuitto, DoD SBIR/STTR Program Administrator, at National Re-
search Council Symposium on SBIR: The Phase III Challenge, June 14, 2005.

ZPL 102-564.

3Sec 812 of the 2000 Act, House Report 106-244, and Senate Report 106-50 all emphasized in-
creased use of Phase III contracts by acquisition programs.

“Presentation by John Williams, Navy SBIR Program Manager, October 15, 2005. Available at
<http.://www.onr.navy.mil/about/conferences/rd_partner/2005/docs/past/2004/2004_williams_navy_
tap.pdf#tsearch=%22Navy%20primes%20initiative %22>.
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These efforts highlight the longstanding interest in Congress in the success
of Phase III at DoD, and the consistent congressional encouragement to the De-
fense Department’s management to take the steps needed to support this phase
of the program.

5.2 PHASE III OUTCOMES

The 2005 symposium on the Challenge of Phase III Commercialization at
the National Academy of Science, arranged as part of this study, was the first
gathering of programs officers, small businesses, prime contractors, and research-
ers focused specifically on Phase III issues. Many of the comments at the meet-
ing highlighted successes but also the difficulties that different actors had with
Phase III transitions.

As with many aspects of the program, data on Phase III activities are very
limited. DoD analysis is focused almost exclusively on reporting via the DD350
form—a form completed by contracting officers for all RDT&E contracts at DoD.
The form has a check box to indicate that the project in question is a Phase III,
or results from a Phase II (see definition above). Data from the DD350 suffer
from serious deficiencies. For example, contracting officers are often unaware
that a contract is a Phase III. In other cases, there may be insufficient emphasis
on careful reporting. As a result, DD350 data tends to undercount the real number
of SBIR-related RDT&E contracts.
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FIGURE 5-1 Phase III awards total in millions of dollars, 1999-2005.
SOURCE: John Williams, Navy SBIR Program Manager, April 7, 2005.
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FIGURE 5-2 Return on Investment for SBIR at DoD.

NOTE. The chart only includes Phase III dollars from DD350 for that fiscal year. Phase III
funds that go to the firm indirectly via prime contractors or funding that is not marked as
Phase III on DD350 are not included. (Return on Investment = Phase III dollars divided
by Phase I-1I dollars.)

SOURCE: John Williams, Navy SBIR Program Manager, April 7, 2005.

Nonetheless, the DD350 data do show that the amount of Phase III contracts
generated have been climbing steadily in recent years, particularly at the Navy.

According to these data, the Navy accounted for about 70 percent of all DoD
Phase III contracts in FY2005 (with PEO SUBS accounting for about 86 percent
of Navy’s total). Navy’s Phase III awards started to grow very rapidly in FY2002,
and continued to grow until a slight decline in FY2005. However, it is worth not-
ing that these substantial results are based on a relatively low number of actual
Phase IIT awards. These data are also reflected in Navy efforts to calculate the
return on investment for SBIR funding by dividing Phase III awards by the total
of Phase I and Phase II funding (see Figure 5-2).

For DoD as a whole, Michael Caccuitto, DoD SBIR program administrator,
also noted that the amount of commercialization generated from SBIR projects
leads the total amount spent on SBIR, with about a 4-year lag.

For DoD, with its focus on getting technology into production for use at
DoD, the distribution of commercialization is also important. The DoD data in
Figure 5-4 indicate the distribution of Phase III sales by sector and show that
while there is a strong focus on DoD and the prime contractors is unsurprising,
more commercial activity occurs with the private sector outside DoD. Only 44
percent of Phase III contracts can be attributed to DoD and DoD primes. Forty-
seven percent comes from the private sector.
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FIGURE 5-3 Reported commercializations vs. SBIR budget.
SOURCE: Michael Caccuitto, DoD SBIR/STTR Program Administrator, Presentation to
SBTC SBIR in Rapid Transition Conference, September 27, 2006, Washington, DC.
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FIGURE 5-4 Distribution of Phase III sales.
SOURCE: Michael Caccuitto, DoD SBIR/STTR Program Administrator, Presentation at
NRC Conference SBIR: The Phase 1II Challenge, June 14, 2005, Washington, DC.

5.3 PHASE III OPPORTUNITIES AND NEEDS

From an agency perspective, SBIR offers important and unique opportuni-
ties, which should be reflected in a strong and growing Phase III program. In
particular,
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FIGURE 5-5 Number of Phase III awards at PEO SUBS.
SOURCE: Richard McNamara, PEO SUBS, Presentation to SBTC SBIR in Rapid Transi-
tion Conference, Washington, DC, September 27, 2006.

*  Flexibility. SBIR offers an unusual degree of execution year flexibil-
ity, unlike most RTD&E accounts which have to be described in detail in the
President’s budgetary message.’

*  Shorter Planning Cycle. SBIR allows a much shorter planning horizon.
Most R&D programs at DoD had to be planned years ahead of the budget cycle.
And in some cases, agencies have taken advantage of that flexibility. The Navy
issues a “quick response IED topic” in 2004, and had made 38 Phase I awards
within 5 months of topic development. These have developed into 18 Phase II
awards, and results from those were to be available in 2006-2007. The first pro-
totypes were expected in Iraq in fall 2006.

e Faster Development Time. Products and services from SBIR can often
be developed within a relatively short time frame. In the view of John Williams,
Navy SBIR Program Manager, the notion that it takes 5—10 years to commer-
cialize most technologies—and that Phase III results could take 5—10 years—is
a myth. He argues that, for the Navy, if some Phase III funding (sales or further
development funding) is not achieved by two years after the end of Phase II ef-
fort, the probability of a Phase III success is very low.°

The substantial increase in Phase III activity at Navy in recent years suggests that
there may be room for similar increases elsewhere—both in other services and

SPresentation by Michael McGrath, Navy, at National Research Council Symposium on SBIR: The
Phase 11l Challenge, June 14, 2005.
©John Williams, Navy SBIR Program Manager, April 7, 2005.
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within Navy at some of the other commands. More than 86 percent of NAVSEA’s
Phase IIT awards are accounted for by SUBS.

Put another way, the substantial recent successes at Navy (and at SUBS in
particular) would suggest that there are opportunities available elsewhere in the
Department for similar levels of success if the senior management and the rel-
evant Program Executive Officers are encouraged to identify and exploit those
opportunities.

5.4 PHASE III CONCERNS

In theory, there would be a smooth flow of technology and funding from
Phase II to Phase III and then into systems eventually adopted by the agencies
for use by warfighters. In reality, this process is much more complex, requiring
multiple champions at different phases in addition to effective management and
product development by the SBIR firm. The process can, and does, work. There
are important success stories. Nonetheless, there are substantial barriers that im-
pede Phase II projects from successfully transitioning into Phase III.

To begin with, acquisitions officers have traditionally viewed SBIR more as a
tax on their other research projects than an opportunity. This may be an inevitable
result of the flow of funding generated by SBIR where the set-aside funding for
SBIR draws more from the applied part of the technology development spectrum.
Table 5-1 shows that 84 percent of SBIR funding comes from the acquisitions-
dominated elements of the Navy development cycle (6.4—6.7) rather than from
earlier in the technology development cycle.

Perhaps as a result of these attitudes, small businesses are still not as fully
engaged in the work of defense acquisitions as they might be. Allocation of
R&D funds from above remains quite centralized. The top 10 DoD contractors
received 62 percent of DoD RDT&E funding in 2003, and the top 100 (including

TABLE 5-1 Sources of Navy SBIR Funding

Title
BA (Description of Level of Technology
Percent  (Stage in Technology Development) Development)
3 6.1 Basic Research
163 ¢ 6.2 Applied Research
7 6.3 Advanced Tech. Development
21 6.4 Adv. Component Dev. Prototypes
51 6.5 System Dev. And Demonstration
84 2 6.6 RDT&E Management Support
10 6.7 Operational System Development

SOURCE: Navy FY 2003 SBIR Assessment.
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one acquired small business) received 88.9 percent of 2003 RDT&E funding—up
from 85.5 percent in 2001, according to the Small Business Technology Council
(SBTC).” Conversely, according to a 2005 Small Business Administration report,
small businesses generated 60 to 80 percent of net new jobs annually over the last
decade, employ 39 percent of high tech workers, produce 13 to 14 times more
patents per employee than large patenting firms. Small businesses also account
for a significant percentage of nonfederal expenditures of R&D.? And, according
to DoD, an assessment of 255 industrial capabilities determined that 36 percent
of the companies with relevant products have less than 100 employees. '°

At the same time, DoD is strongly committed—on paper—to the integration
of SBIR into acquisitions: the Interim Defense Acquisition Guidebook directly
addresses use of SBIR technology in Sec. C2.9.1.5:

The Program Manager shall develop an acquisition strategy that plans for the
use of technologies developed under the SBIR program, and gives favorable
consideration for funding of successful SBIR technologies. At milestone and
appropriate program reviews for ACAT I programs, the PM shall address the
program’s plans for funding the further development and insertion into the pro-
gram of SBIR-developed technologies.!!

Comments made by all the stakeholders at the NRC Phase III Symposium,
and in discussions with case study companies and DoD officers, all underline the
problems and difficulties faced by companies in making the Phase III transition.
Some of the more notable issues and concerns are discussed below.

5.4.1 The TRL Gap

The Interim Defense Acquisition Guidebook'? includes the DoD Technol-
ogy Readiness Level (TRL) table. This tool, derived from NASA practice, is the
accepted means of classifying the maturity of technologies. As the TRL table in
Box 5-2 shows, technologies must be at TRL 8 for effective transition into an
acquisition program system. TRL 3-5 is common for DoD SBIR technologies at

7Small Business Technology Coalition, Fighting an Unconventional Enemy, January 20, 2005.

8SBA Office of Advocacy (2005) data drawn from U.S. Bureau of the Census; Advocacy-
funded research by Joel Popkin and Co. (Research Summary #211); Federal Procurement Data
System; Advocacy-funded research by CHI Research, Inc. (Research Summary #225); Bureau of
Labor Statistics, Current Population Survey; U.S. Department of Commerce, International Trade
Administration.

9Several of these issues are discussed in Robert-Allen Baker, “Incentives and Technology Transi-
tion: Improving Commercialization of SBIR Technologies in Major Defense Acquisition Programs,”
SBTC White Paper, Washington, DC, September 21, 2005.

1%Michael Caccuitto, Department of Defense SBIR Program Manager, April 2005.

"USD (AT&L), Interim Defense Acquisition Guidebook, October, 2002, p. 46. The guidebook
has now become an online decision support system, at <http.://akss.dau.mil/dag/DoD5000.asp ?view
=document>. It was last updated December 16, 2004.

12USD (AT&L), Interim Defense Acquisition Guidebook, October, 2002, p. 41.
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BOX 5-2
TRL Definitions

Technology Readiness Level Description table
1. Basic principles observed and reported.

Lowest level of technology readiness. Scientific research begins to be translated
into applied research and development. Examples might include paper studies of a
technology’s basic properties.

2. Technology concept and/or application formulated.

Invention begins. Once basic principles are observed, practical applications
can be invented. Applications are speculative and there may be no proof or detailed
analysis to support the assumptions. Examples are limited to analytic studies.

3. Analytical and experimental critical function and/or characteristic proof of
concept.

Active research and development is initiated. This includes analytical studies
and laboratory studies to physically validate analytical predictions of separate ele-
ments of the technology. Examples include components that are not yet integrated or
representative.

Basic technological components are integrated to establish that they will work
together. This is relatively “low fidelity” compared to the eventual system. Examples
include integration of “ad hoc” hardware in the laboratory.

4. Component and/or breadboard validation in laboratory environment.

Basic technological components are integrated to establish that the pieces will
work together. This is relatively “low fidelity” compared to the eventual system. Ex-
amples include integration of “ad hoc” hardware in a laboratory.

5. Component and/or breadboard validation in relevant environment.
Fidelity of breadboard technology increases significantly. The basic techno-

the end of the Phase II SBIR process.'? This underscores the higher-risk nature
of DoD SBIR programs, especially from an acquisitions perspective.

The “gap” between TRL 3-5 and TRL 6 can be characterized as the “TRL
Gap,” and it is a critical element in the difficulties experienced in transition-
ing Phase II technologies through Phase III into the mainstream acquisition
process.

Essentially, SBIR can fund technology development to the point of TRL 3-5,
and the acquisitions programs, through their own RDT&E programs and funding,
can “pull” technologies from the pool generated through SBIR (and of course
outside SBIR) into acquisitions. But the TRL gap must still be bridged, and there
are major difficulties in doing so.

13A conclusion confirmed in case studies and in discussions with program executive officers (PEOs)
responsible both for SBIR programs and for Phase III and eventually for acquisitions.
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logical components are integrated with reasonably realistic supporting elements so it
can be tested in a simulated environment. Examples include “high fidelity” laboratory
integration of components.
6. System/subsystem model or prototype demonstration in a relevant
environment.
Representative model or prototype system, which is well beyond that of TRL
5, is tested in a relevant environment. Represents a major step up in a technology’s
demonstrated readiness. Examples include testing a prototype in a high-fidelity labora-
tory environment or in simulated operational environment.
7. System prototype demonstration in an operational environment.
Prototype near, or at, planned operational system. Represents a major step up
from TRL 6, requiring demonstration of an actual system prototype in an operational
environment such as an aircraft, vehicle, or space. Examples include testing the pro-
totype in a test bed aircraft.
8. Actual system completed and qualified through test and demonstration.
Technology has been proven to work in its final form and under expected condi-
tions. In almost all cases, this TRL represents the end of true system development.
Examples include developmental test and evaluation of the system in its intended
weapon system to determine if it meets design specifications.
9. Actual system proven through successful mission operations.
Actual application of the technology in its final form and under mission condi-
tions, such as those encountered in operational test and evaluation. Examples include
using the system under operational mission conditions.

SOURCE: Defense Acquisitions Handbook, 10.5.2. Technology Maturity and Technology Readi-
ness Assessments.

5.4.2 Risk and Risk Management

Bridging the TRL Gap is to a considerable extent a question of risk and risk
management. Just as once upon a time, “no-one ever got fired for buying IBM,”
so in the world of defense contracting, “no-one ever got fired for contracting with
a prime contractor.” This caution is embedded directly in the DoD acquisitions
manual:

If technology is not mature, the DoD Component shall use alternate technology
that is mature . . . [our italics and emphasis]'*

Bridging the TRL Gap is expensive. Costs rise as a technology matures, and the
testing and evaluation (T&E) needed to move a technology from TRL 3-5 to
TRL 6 can be very costly. Moreover, bridging the TRP Gap requires that a DoD
program executive assume risk that would not be associated with a technology
with a higher TRL.

14USD (AT&L), Interim Defense Acquisition Guidebook, October, 2002, pp. 9-10.
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Who pays for technology risk mitigation? Both the Department of Defense
Instruction 5000.2 (May, 2003) and the Interim Defense Acquisition Guidebook
address this issue somewhat inconclusively. One formulation, found in various
contexts in both baseline documents, suggests the impropriety of making industry
pay:

The PM shall structure the acquisition strategy to promote sufficient program

stability to encourage industry to invest, plan, and bear risks. However, the PM

shall not use a strategy that causes the contractor to use independent research

and development funds or profit dollars to subsidize defense research and de-
velopment contracts . . .1>

So, as noted by many speakers at the NRC Phase III Symposium, the Phase III
transition remains fraught with difficulties. This view is summarized by Anthony
Mulligan, CEO of Advanced Ceramics Research (ACR), a successful SBIR com-
pany that uses ceramics technology for several DoD systems:

ACR is just one example of the small businesses that are succeeding in devel-
oping technologies and capabilities that can provide significant cost savings to
a wide and diverse array of military weapons systems. The difficulty is how
these new technologies developed by small businesses can be transitioned into
military program offices and picked up by the prime contractors. There are cur-
rently very few mechanisms, if any, to help ensure that this technology transition
happens quickly. Military program offices and large program offices do not have
efficient methods to fold new technologies into programs once the program has
been road-mapped and already started. '

5.4.3 Small Business Perspectives

From a small business perspective, the lack of a defined and funded Phase I1I
program makes Phase III transition a difficult and confusing matter. As noted
by Anthony Mulligan, CEO of ACR, there is “no effective bridge between the
acquisition community and those who are developing innovative technologies.”
A number of different concerns emerged at the NRC Phase III Symposium:

*  Timing. Small businesses are often blocked by the very slow pace of
acquisition partly because they do not have the resources to survive long stretches
without revenue.

*  Complexity. The acquisition process is both complex and unique, and
small firms face a steep learning curve.

e Phase III Funding Beyond DoD. Few small firms have the staff or
resources to do the market analysis necessary to attract funding from venture

I5USD (AT&L), Interim Defense Acquisition Guidebook, October, 2002, p. 46.
19HASC Subcommittee on Tactical Air and Land Forces, hearing on small business technologies,
June 29, 2005.
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BOX 5-3
Prime/SBIR Success Stories

Representatives from the primes at the NRC Phase Ill Symposium also noted that
there had been some important success stories in working with SBIR projects,
including:

* Virtual Cockpit Development Program (Boeing).

* Advanced Adaptive Autopilot project, part of the Joint Direct Attack Muni-
tions Program (JDAM) (Boeing).

e Cruise Missile Autonomous Routing System (CMARS) for the Tomahawk
Mission Planning System. (Boeing).

* Mark 54 Torpedo Array Nose Assembly (Raytheon).

* Exo-Atmospheric Kill Vehicle (Raytheon).

capitalists, which are not, in any case, attracted to government contracting op-
portunities for a variety of reasons such as the expected limited market size, long
lead times, and the level of regulatory “red tape” encountered in the procurement
process. Similarly, firm founders are often reluctant to dilute their equity position
to accommodate the needs of venture investors.

*  Phase III Funding Size. Phase III may not be large: Mr. Mark Redding,
CEO of Impact Technologies, noted that his company had successfully won more
than 30 Phase III awards—but that these had averaged only $50,000 each (often
not enough to get the technology to TRL 6).

*  Planning. A number of agency staff and prime contractors noted that
companies needed to be concerned with commercialization and Phase III ac-
tivities right from the start—even during Phase 0, before the first Phase I was
awarded. If an acquisitions program was unaware of a promising technology until
after the Phase II had been completed, the relatively slow pace of acquisition
meant a very substantial delay before the technology could be integrated into the
program, even in the best of circumstances.

*  Roadmaps. Much technical planning in DoD acquisition is driven by
roadmaps developed by program officers and prime contractors. Failure to inte-
grate SBIR and small businesses generally into these roadmaps means that they
are likely to be excluded from acquisition programs, regardless of their techno-
logical success.

*  Contract Downsizing. Even once a substantial Phase III has been
awarded, there are no guarantees that the budget will be maintained at the con-
tracted level.!”

!7For example, Orbitec’s $57 million NASA Phase I1I contract was reduced by more than 80 percent
after its first year.
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*  Budget Squeeze. In general, small businesses may lack the influence
to maintain budget levels when agencies change priorities—and this can be dev-
astating for companies with few other resources.

5.4.4 Prime Contractor Perspectives

There is considerable evidence that prime contractor interest in—and en-
gagement with—the SBIR program has been growing rapidly in recent years
(see Chapter 6). This is reflected in growing contractual linkages. Raytheon, for
example, estimates that the value of technology leveraged through SBIR jumped
from $3.8 million in 2004 to $11.6 million in 2005, and looks set to grow as
rapidly in 2006. Raytheon is involved with 36 Phase I projects, 17 Phase II
projects, four Phase III projects (with three more in the works), and has been a
subcontractor on other projects.'8

A number of points regarding the relationship of prime contractors to SBIR
projects were expressed at the NRC Phase III Symposium. These included:

e Increased interest in SBIR. Strikingly, representatives of prime con-
tractors testified both that there was already a substantial amount of prime in-
volvement with the SBIR program, and also that recently several primes had
made significant efforts to increase their levels of involvement. For example,
Boeing had recently decided to increase its emphasis on SBIR—its lead SBIR
liaison was now working on the program 100 percent time (up from 20 percent).
At Raytheon, some divisions (e.g., Integrated Defense Systems) had been work-
ing formally with SBIR for some years. Half to two-thirds of a typical program
for Raytheon Missile Systems was outsourced to subcontractors, and more than
half of the companies involved meet the SBA’s small business definition.

* Agreement on the TRL Gap problem. Speakers from Lockheed ob-
served that the key to the transition from TRL 4-5 to TRL 6-8 was the presence
of available funding on hand. This reflected the comments of many speakers that
smoothing the funding path across the route from TRL 4-5 to TRL 6-9 was the
single most important step to improved take-up of SBIR projects into acquisition
programs.'°

e Lack of efficient links to small firms. Many speakers noted the impor-
tant example of the Navy Opportunity Forum as a means of making connections
between the agency and program officers, SBIR program officers, primes, small
businesses, and other funders such as venture capitalists. However, the Forum
was seen as unusual, largely because other DoD agencies do not make the funds
available for similar activities.

!8Lani Loell, SBIR Program Manager, Raytheon Integrated Defense Systems, presentation to SBTC
SBIR in Transition Conference, September 27, 2006, Washington, DC.

19Presentation by Mario Ramirez, Lockheed Martin, at National Research Council Symposium on
SBIR: The Phase III Challenge, June 14, 2005.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

PHASE III CHALLENGES AND OPPORTUNITIES 171

e Inadequate SBIR database for awards and solicitations. Prime con-
tractors need better capabilities for matching up their technology needs with the
capacities of small firms.

* Lack of evidence and cases. Cases that demonstrate involving small
business can lead to a real positive return on investment for the primes might help
generate more such partnerships.

* Real concerns about risk. The risk of working with a small business
extends far beyond issues of technology. As Mr. Fisher of General Atomics noted

BOX 5-4
SBIR and Boeing—Expanding Prime Activities

Boeing is one prime contractor that has taken a substantial and increasing inter-
est in SBIR. According to Rich Hendel, SBIR program manager at Boeing, two
primary divisions at Boeing—Phantom Works and Integrated Defense Systems
(IDS)—are currently working with 32 small businesses on SBIR contracts, includ-
ing five Phase |, 26 Phase Il, and one Phase Ill. Over the past ten years, Boeing
has worked with more than 100 companies on more than 200 projects.
Topic development. DoD sometimes requests that Boeing provide ideas for
potential SBIR topics. Boeing solicits ideas from researchers and programs within
the company, while working to make sure that potential topics are aligned with
Boeing strategic roadmaps.
SBIR advisory council. In October 2005, Boeing formed an SBIR advisory
council, with members from 7 IDS and Phantom Works groups. The council meets
monthly to map out SBIR strategy.
Phase Il tactics. Boeing sees success at Phase Il resulting from a number of
key components, including:
* Finding champions early within the government agency who will see tech-
nology development through to insertion and implementation.
* Finding champions within Boeing to push development and implementation.
e Availability of funding for Phase Il at both customer (agency) and prime.
* Early establishment of the project team—small business, prime, customer.
* Resolution of proprietary IP issues.

Key Phase Il challenges:

 Difficult to find the right technology and the right provider among the sea
of possible partners and technologies.

* Technologies at low TRL levels (TRL 3-4 after Phase lI).

* Provider track records, especially within Boeing.

* Funding for Phase IIl.

SOURCE: Presentations by Mr. Rich Hendel, Boeing SBIR Program Manager at National
Research Council Symposium on SBIR: The Phase Il Challenge, June 14, 2005, and SBTC
SBIR in Rapid Transition Conference, September 2006.
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recently, “Even the best technology cannot overcome small business’ financial
instability concerns, particularly on fixed price contracts.”?"

e Cycle time mismatches. SBIR projects can be completed “too soon”
for entry into acquisition programs, leaving a timing gap that could stretch into
years.

e Difficulties in integrating SBIR projects into the planning process
for acquisitions. The relatively high level of technical risk involved in many
SBIR projects means that it is not clear ex ante that SBIR-funded technolo-
gies would be sufficiently successful for eventual inclusion in the acquisitions
program.

* Agreement that VC funding is not likely at DoD. Speakers from
the prime contractors also noted that venture capitalists were unwilling to step
into the Phase III funding gap partly because government contracts might not be
large enough to ensure commercial viability, and partly because the longer time
horizons and significant uncertainty involved in government contacting did not fit
with the relatively short time horizon and private market focus of venture capital
firms.

*  Misalignment between agencies, primes, and small business. Several
speakers, including Senate staff, noted that communication was not always good
between the agencies, the primes, and the small business research community.
Primes often had difficulty identifying the technology assets of small businesses.
Small businesses often had weak linkages into the primes. Boeing noted that it
was eager to partner with small businesses and had a significant track record in
doing so within the SBIR program, but small businesses rarely came to Boeing
seeking partnerships.

5.4.5 Program Officer Perspectives

A considerable part of the NRC Phase III Symposium focused on the role
of program acquisition officers, and their difficulties in participating fully in
Phase III. A number of speakers noted that program officers were critical to ef-
fective transition because they controlled acquisition funds needed to eventually
move SBIR technologies into weapons systems.

Several speakers observed that acquisition program managers did not tra-
ditionally see SBIR as part of their mainstream activities. The CEO of Trident,
Inc., Mr. Karangelen, observed more specifically that 89.9 percent of all federal
R&D was currently being performed by the 100 largest contracting companies.
Less than 4 percent went to small businesses. Only about 0.4 percent of all R&D
generated by the government went to small technology businesses, even though
one-third of all U.S. scientists and engineers were employed there.

20Fisher, General Atomics, presentation at the SBIR in Transition conference, Washington, DC,
September 27, 2006.
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Many speakers noted that few program managers and Program Executive Of-
ficers had historically taken an interest in SBIR. There appear to be real barriers
to overcome in this area. Most notably, program officers were trained to reduce
risk to the minimum, and SBIR-based projects offered a number of added techni-
cal and reputational risks, compared to working with prime contractors.

Risk aversion is entirely understandable at DoD, where lives are often ul-
timately at stake. It is therefore important to understand that from a program
officer’s perspective, introducing an SBIR project into acquisition programs can
carry with it numerous risks. These include:

e Technical risks, including the possibility that the technology will not
prove sufficiently reliable for use in weapons systems.

*  Company risks, in that SBIR companies are by definition smaller and
have fewer resources to draw on than prime contractors. In addition, many SBIR
companies have only a very limited track record, which limits program manager
confidence in their ability to deliver.

*  Funding risks. The $850,000 maximum for Phase II may not be suf-
ficient to cross the TRL Gap, or to fund a prototype appropriate for subsequent
take up by Program Executive Offices.

e DoD-specific risks, as SBIR companies are often unfamiliar with the
very high level of testing and engineering necessary to meet DoD acquisition
requirements.

*  Timing risks. DoD planning, programming, and budgets work in a two-
year cycle, and it is difficult for Program Executive Officers to determine whether
a small firm will be able to actually produce to meet perceived needs, even if the
research is successful.

o Effort/resource risks. Carol Van Wyk (Navy) noted that program man-
agers had a negative view of SBIR partly because they saw it as involving sub-
stantial effort, especially in terms of guiding small businesses through the DoD
acquisition process, while larger companies were already well versed in these
matters.?!

In short, it appears that resolving the Phase III transition challenge at DoD
will require a substantial effort, similar to that undertaken by the Navy, with
regard to the role of acquisition program managers. There are few reasons to
believe that such a shift would occur in the absence of renewed focus and incen-
tives at both the DoD and service/agency level.

2ICarol Van Wyk, Navy, presentation to PMA-209, May 25, 2005.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

174 SBIR AT THE DEPARTMENT OF DEFENSE

5.5 PHASE III INITIATIVES

DoD has long been aware that change will be needed if the full potential
of the SBIR program is to be unleashed. This potential has been recognized and
thus been the object of numerous initiatives over the years, at both the DoD and
the agency level.

Given the wide range of challenges that intersect at the Phase III transition,
many DoD initiatives bear on the problem, even if they have not been exclusively
and explicitly focused on Phase III itself. Thus the Technology Transition Pro-
gram is focused on technology transfer from DoD S&T programs into acquisi-
tions—the specific policy challenge of Phase III—but it is not limited to SBIR
firms, and is not focused specifically on small business.

Considerable further analysis concerning which of these programs is having
a substantial impact on SBIR Phase III transition is needed; the data to sup-
port such an analysis do not currently appear to exist, but such data should be
generated.

These initiatives include:

* The Technology Transition Initiative (TTI), Defense Acquisition
Challenge Program (DACP) and Quick Reaction Fund (QRF) ($64 million
in combined funding for FY2005).2>23

e DoD improvements:>*

o Company Commercialization Report (1993), (Standard Report
Form (1997)). The CCR was the first effort at any SBIR agency to develop
a way of systematically tracking post-SBIR Phase II outcomes. It was en-
hanced by development of the standard reporting form in 1997.

o Fast Track (1995). The Fast Track program was an effort to reward
firms for finding third-party funding, which both leveraged the original
Phase II investment and also added additional validation of the quality of the
research.

o Solicitation Pre-release (1996). Among the most important initia-

22GAO notes a limited number of successful outcomes: U.S. Government Accountability Office,
Defense Technology Development: Management Process Can Be Strengthened for New Technology
Transition Programs, GAO-05-480, Washington, DC, U.S. Government Accountability Office, June
2005, pp. 3-4.

ZGAO says that the purpose of TTI is to “Facilitate the rapid transition of new technologies from
DoD science and technology programs into acquisition programs;” DACP is to “Identify and intro-
duce innovative and cost-saving technology or products from within DoD’s science and technology
community as well as externally into existing DoD acquisition programs;” and QRF is to “Identify
and rapidly field-test promising new technologies within DoD’s budget execution years.” U.S. Gov-
ernment Accountability Office, Defense Technology Development: Management Process Can Be
Strengthened for New Technology Transition Programs, GAO-05-480, op. cit., Table 1, p. 6.

24Unless otherwise footnoted, these topics were mentioned by Michael Caccuitto, DoD SBIR/STTR
Program Administrator, in his presentation at the National Research Council Symposium on SBIR:
The Phase III Challenge, June 14, 2005. Descriptions provided by NRC.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

PHASE III CHALLENGES AND OPPORTUNITIES 175

tives at DoD, the pre-release provides a period during which interested small
businesses can directly contact topic authors, to determine both the feasibility
of a possible proposal, and also to define in more detail the precise nature
of the customer’s needs. Although there are no data to measure the results
of this initiative, interviews suggest overwhelmingly that small businesses
see this is a tremendous time- and resource-saver, and agency staff see pre-
release as an important way of ensuring high quality proposals.

o DoD SBIR/STTR Help Desk (1996). The Help Desk is another
important initiative. Now entirely manned by civilian contactors, the Help
Desk provides a one-stop shop where small businesses can address many
of the nontechnical, but nonetheless daunting, aspects of DoD proposals
and contracting. This initiative effectively transfers many ‘“hand-holding”
functions from topic authors and SBIR management to professional support
staff.

o Uniform DoD-wide Topic Review Process (1997). The uniform
review process has strengths and weaknesses. While undoubtedly eliminat-
ing a number of poor quality topics, the added layer of review inevitably
means further delays in the final publication of a topic, which can reduce its
saliency.

o  DoD SBIR Web Site (1997). Under more or less constant redevel-
opment since 1997, creation of a very high quality Web-based information
delivery system has been a key to bridging the information gap between
DoD and small business—and especially small businesses that have never
done business with DoD before. It is telling that since 1997, approximately
one-third of the companies winning SBIR awards are first-time recipients of
SBIR contracts. High-quality/low-cost information is the first step toward
encouraging new firms to enter the SBIR competition.

o DoD SBIR/STTR Desk Reference (1999). The Desk Reference is
a comprehensive manual and help documentation, available over the Web. It
too provides low-cost high-quality information for applicants.

o Endorsement and/or Sponsorship of Acquisition Program Topics
(1999). Starting in 1999, these acquisition community offices currently spon-
sor or endorse more than half of all DoD topics. Across DoD, 60 percent or
more of topics are now either sponsored or endorsed by program managers
or Program Executive Officers.”> At Navy, the acquisition-driven model of
topic development has been expanded further. Dr. McGrath, Navy Deputy
Assistant Secretary for RDT&E, noted that 84 percent of Navy topics came
from the acquisition community, and that Program Executive Officers in the
Navy systems commands participated in selecting proposals and managing

25Presentation by Charles J. Holland, Department of Defense, at National Research Council Sym-
posium on SBIR: The Phase Il Challenge, June 14, 2005.
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BOX 5-5
The Navy Primes Initiative

The Navy Primes Initiative builds partnerships with Navy contractors to enhance
new technology insertion in key programs by leveraging SBIR/STTR resources,
in accord with best business practices of our partners.

Actions

e Established POC's at major primes offices.
* Held multiple site visits with primes and helped them to identify strong potential
partners.
e Improved Search Database.
* |dentified opportunities to cost-share demonstrations and integrations with
SBIR.
* Prime and Acquisition Resources.

e Two trial Primes Initiatives programs launched:

Lockheed MS2 Ship Systems, Raytheon IDS.

e One trial Partnering Workshop launched with DD(X) focus:

PEO Ships-PMS 500, Northrop Grumman Ship Systems, Raytheon.
e Transitions Newsletter published which profiles Prime/Navy/SBIR
accomplishments.

SOURCE: John Williams, Navy SBIR Program Manager.

them through Phase I and Phase I1.2° The impact of this change on topic
take-up on Phase III success is captured in Figure 5-6.

o Commercialization Achievement Index (2000). The CAI for the
first time provided a quantitative analysis of commercialization outcomes
from prior SBIR awards—even awards at other agencies. There is some evi-
dence (from interviews) that the Index is being used as part of the proposal
assessment process.

o Phase II Enhancement (2000). The new Phase II enhancement
program offers companies which can show matching funds additional SBIR
funding, as an effort to partly bridge the TRL/Phase III gap. Its utilization
appears to be growing, and it may be effectively replacing Fast Track as the
option of choice for SBIR companies.

o Direct Program Executive Office (PEO) sponsorship pilot. A
2005 Army pilot program to allocate 10 topics to PEO’s has had the side-ef-
fect of driving SBIR toward applied research, the normal horizon of PEO’s.
This constituted a shift away from the traditional Army Research Office
focus on more basic research.

26Presentation by Michael McGrath, Navy, at National Research Council Symposium on SBIR: The
Phase III Challenge, June 14, 2005.
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BOX 5-6
DoD Commercialization Pilot Program (CPP)

CPP is a new program to accelerate the transition of technologies, products,
and services developed under SBIR to Phase lll, including the acquisition pro-
cess. The program was authorized under the National Defense Authorization Act
for Fiscal Year 2006, section 252.

The program asks the services to find ways to accelerate the transition of
SBIR-funded technologies to Phase lll, partly by improving communications be-
tween the stakeholders. It allows agencies to spend up to 1 percent of SBIR
program funds on these pilot activities.

The agencies have responded in a range of ways (see above for the Navy
program):

Air Force

e Hiring “Transition Agents” for each product center with the responsibility to act
as a bridge between the laboratory and product centers.

* Redistributing topic ownership more to product centers.

* Establishing a link between laboratory and acquisition.

e Ensuring selected Phase Il topics meet needs of a program of record.

e Tracking and documenting successful transitions.

* Ensuring SBIR projects are included in program roadmaps.

Army

* Assessing and identifying SBIR projects and companies with high transition
potential that meet high priority requirements.

* Providing market research and business plan development.

e Matching SBIR companies to customers and facilitate collaboration.

* Preparing detailed technology transition plans and agreements.

* Providing additional funding for select SBIR projects.

* Applying metrics and measure results.

DARPA

* Providing Management/Technical and manufacturing mentoring to Virginia
SBIR Phase Il contractors.

e Providing Regulatory/Management and Manufacturing mentoring to DARPA-
selected SBIR Phase Il contractors outside of Virginia.

* Providing accounting/business plan assistance/business management mentor-
ing to new Phase | winners located in California.

Key elements of all the plans include an effort to develop better metrics and track-
ing capabilities, and improved information flows between stakeholders.

SOURCE: Michael Caccuitto, DoD SBIR/STTR Program Administrator and Carol Van Wyk,
DoD CPP Coordinator, presentation to SBTC SBIR in Rapid Transition Conference, Wash-
ington, DC, September 27, 2006.
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FIGURE 5-6 Share of topics attracting Phase III funding.

SOURCE: Adapted from presentation by Carol Van Wyk, Navy, at Navy Opportunity
Forum, 2005.

Beyond initiatives undertaken across DoD as whole, the DoD services and
agencies have introduced their own initiatives to address the Phase III problem.
These include:

e The Navy “Primes Initiative” (2002). This is an active outreach effort
to connect primes to the SBIR program in more formal way. Primes have become
increasingly interested in more access to the SBIR program.

o Extra-large awards (beyond $750,000) have sometimes used at the
Air Force, partly as a way of “exciting the program officers.”?’

o The Transition Assistance Program (TAP) in the Navy provides
mentoring and a management assistance program for supporting commercial-
ization, i.e., transition through the Phase III maturation process. The Navy
Opportunity Forum—part of the TAP—is another major initiative that brings
together SBIR firms, primes, and PEOs/PMs, offering important networking
opportunities. (See Chapter 6 for details.)

*  Training and education. The Air Force has implemented a training and
education program for primes and program offices.?®

* New funding initiatives such as OnPoint, the Army’s venture capital
initiative. OnPoint makes equity investments in small entrepreneurial companies,

2TPresentation by Mark D. Stephen, Air Force, at National Research Council Symposium on SBIR:
The Phase 11l Challenge, June 14, 2005.
21bid.
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BOX 5-7
The NAVSUB Program at Navy

Under the leadership of Richard McNamara, NAVSUB has developed a cohesive
program aimed at providing strong incentives for program managers to use SBIR
to help solve their technical programs, while developing processes that make it
easier to award Phase Il contracts. NAVSUB uses the following measures to
promote SBIR projects:

e Acquisition involvement. PEO SUB is the most successful Phase llI
program at DoD. It advertises SBIR opportunities through a program of “active
advocacy.” PMs compete to write topics to solve their problems.

* Topic vetting. Program Executive Officers keeps track of all topics. PM’s
compete in rigorous process of topic selection. SBIR contracts are seen as a
reward, not a burden.

* Treating SBIR as a program, including follow-up and monitoring of small
businesses to help keep them alive until a customer appears. This encourages
program managers to demonstrate commitment by paying half the cost of a
Phase Il option.

* Providing acquisition coverage, which links all SBIR awards to the
agency'’s acquisition program.

e Awarding Phase lll contracts within the $75 million ceiling that avoids
triggering complex Pentagon acquisition rules.

* Brokering connections between SBIR and the primes.

* Recycling unexploited P1 awards, a rich source for problem solutions.

See Figure 5-5 and details in discussion of NAVSUB SBIR operations in
Chapter 6.

including those that would otherwise not be doing business with the Army. It is
focused on mobile power and energy for the soldier.?
* Roadmaps. Initiatives focused on developing joint technology maps
and coordinated planning processes, including:
o The Navy Advanced Technology Review Board process for evaluat-
ing across programs.3°
o The Joint Strike Fighter Technology Advisory Board, which reviews
program priorities and includes a program office, the contractor team, and
the S&T organizations of every service partner.!

2 Available at <http://www.onpoint.us/>.

30David Bailey, Advanced Technology Review Board, Process Overview Brief for ONR Partnership
Conference, August 5, 2004.

31 Available at <http://www.jsf.mil/>.
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*  Modifying the Company Commercialization Report to identify man-
ufacturing innovations and collect Phase III contract numbers.3?
e The Commercialization Pilot Program (CPP)—See Box 5-6

Other DoD initiatives could also have a positive impact on SBIR companies,
which might be able to find Phase III funding via these new programs. These
initiatives include:

*  The Technology Transition Initiative (TTI). Although this initiative
is focused on technologies at TRL 6 or 7, it could provide a bridge mechanism
for some projects across at least part of the TRL Gap.

e The Defense Acquisitions Challenge (DAC). This is an agency-wide
initiative focused on identifying and supporting technologies that could quickly
improve affordability, manufacturability, performance, or capabilities, with pro-
posals that “challenge” existing technologies or methods.?3

5.6 BEST PRACTICES

The structure of the DoD SBIR program can make it hard for companies to
transition effectively into Phase I1I (as described earlier in this chapter). However,
among the many initiatives discussed above, a number have emerged that could
be considered best practice within DoD. These include:

e “Returning the tax.” Over time, a growing number of SBIR topics
have been “set aside” for the needs of program officers. By effectively returning
the SBIR funding to acquisitions programs—with the continuing proviso that
research be allocated via the SBIR mechanism—program officers can see a more
direct connection between the SBIR program and their own needs.

*  Acquisitions involvement in topic development and selections. The
direct impact of this change can be seen in a chart from Navy showing the jump in
the number of topics that eventually attract Phase III funding (See Figure 5-6).

*  Closer acquisitions involvement in the ‘“‘downselect” process. To
the extent that acquisitions officers participate in the decisions on which Phase I
projects should be funded at Phase II, it is more likely that Phase II recipients
will get Phase III contracts from DoD.

* Linking information flows between small businesses, primes, DoD
acquisition offices, and SBIR programs. One theme of the NRC Phase III
Symposium was the difficulty of sharing information between stakeholders. A
variety of efforts have been made to remedy this situation, with some success.
These efforts include:

o Pre-release of topics.

32Presentation by Michael Caccuitto, DoD SBIR/STTR Program Administrator, at National Re-
search Council Symposium on SBIR: The Phase 1II Challenge, June 14, 2005.
$See <https://cto.acqcenter.com> for more information on these initiatives.
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Electronic communication systems.

The Navy Opportunity Forum and other SBIR gatherings.
The SBIR database.

The Primes Initiative.

*  Commercialization training. The Navy Transition Assistance Program
(TAP) is a 10-month program and the most ambitious of all SBIR training pro-
grams. TAP is designed to focus small businesses on transition, to mitigate risk,
and to improve return on Navy’s’ investment. While outcomes data are not yet
fully available, participation rates have increased substantially each year. (See
Chapter 6 for details.)

*  “Focused call” approach to solicitations. Navy has developed what
it calls a “focused call” approach to solicitations. This involves defining five to
six related topics (e.g., Sensors, Algorithms, Materials, Manufacturing), through
which are allocated a total of about 20 Phase I awards and 10 Phase II awards,
of varying sizes. According to Carol Van Wyk, then-SBIR Program Manager at
NAVAIR, a focused call might provide two small Phase II awards (~$300,000),
two medium sized Phase II awards (~$500,000), four standard Phase II awards
(~$750,000), and two large Phase I awards (~$1.5 million). The focused call ap-
proach encourages strategic planning, is seen as cost-effective, and reduces staff
workload.

*  Contracting improvements. NAVAIR pioneered IDIQ (Indefinite de-
livery/indefinite quantity) contracts within the DoD SBIR program. These mesh
well with SBIR, allowing increased program manager flexibility and speed to
delivery, outside the normal competitive bidding process. The Universal Phase III
Contract outlined in Figure 5-7 could be another significant step forward.

o
o
o
o

5.7 RECOMMENDATIONS

Recommendations for improving Phase III activities and outcomes can be
grouped into a few major categories. Within these, the initiatives and best prac-
tices above provide a menu from which programs and agencies might wish to
develop pilot programs or more for their own use.

*  Developing and gathering metrics on Phase III. The growing focus
on Phase IIT contracting dollars as the key metric of program performance ap-
pears to be gathering momentum across DoD. However, implementation of
this metric is uneven, and better data are needed. Data from Phase III contracts
funded via the primes continues to be absent. The 2005 GAO Report has already
recommended that “DoD develop data and measures that can be used to assess
short- and long-term impacts of the programs and take other actions to further
strengthen selection, management and oversight . . 3

34U.S. Government Accountability Office, Defense Technology Development: Management Process
Can Be Strengthened for New Technology Transition Programs, GAO-05-480, Washington, DC: U.S.
Government Accountability Office, June 2005, pp. 3-4.
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Transition Enabler: Phase Il Universal Contract

* Flexible tasking options
Further R&D

Customized prototype for
specific platform needs

Test & evaluation
Production buy
Support

Training

2 2 2 2 2 2 2 2

* 5 years duration
¢ $25 million in total funding

FIGURE 5-7 Phase III Universal contract.

SOURCE: Carol Van Wyk, NavAir.

Exploratory application study

System Integration Analysis

¢ Advantages
' Streamlines negotiations
¢ Creates central Phase Il
contract
¢ Pool for PMAs
* Easier for PMAs to use SBIR
\ Capitalizes on positive SBIR
attributes:
* Rapid response in fast
moving technology market

¢ Innovative solutions to benefit
the warfighter

¢ Cost effective
¢ Flexibility in competitive
environment
\' Permits one agency to
leverage another

* Incentives. Better incentives may be needed in several areas. Acquisi-
tions officers need career-oriented incentives that will reduce risk and enhance the
benefits of participating actively in the SBIR program. However, incentives might
also be needed to encourage the primes to participate more fully in the program.
This could include financial incentives of several kinds for meeting SBIR inclu-
sion goals on major contracts, or even—as suggested by SBTC—requirements
that large contracts meet certain SBIR goals, similar to current targets for woman-
and minority-owned businesses. Some programs similar to this are already in
place. For example, PEO SUB offers a small business subcontracting incentive
in its Virginia-class program through a formal plan incorporated as clauses in
the Virginia-class construction contract which allow for the payment of a Small
Business Subcontracting Incentive Fee (SBSIF) for increasing the level of small

business subcontracting participation.

5.7.1 Improving Program Officer Use of SBIR

A number of symposium speakers noted that acquisition officers were the
key to moving SBIR to Phase III. They controlled the funding, and their involve-
ment was critical. And active championing by Program Executive Officers seems
to be a critical ingredient in Phase III success. A clear cultural shift was observed
at Navy once Program Executive Officers became active champions of SBIR

involvement in acquisitions.
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* Senior acquisitions involvement. For DoD, there appears to be no
substitute for the systematic support and involvement of acquisitions officers,
especially at the most senior level. PEO SUB has driven major changes in the
SBIR culture within that component of Navy, with transformative results. Only
senior managers can insist that all program managers integrate SBIR fully into
their acquisition programs—and give them strong incentives to do so.

* Follow-on funding. Some suggest that further improvement in this
area include the development of a fund for the provision of matching funds for
Phase III (which would reduce the risk level for program managers, and would
follow NASA practice).

e Tools for better integration with acquisitions. There are very real
barriers to the smooth flow of information within DoD and among key SBIR
stakeholders. Companies are naturally reluctant to share important technical
information, and small businesses in particular are well aware of the potential
dangers of sharing key intellectual property with companies that could easily
turn out to be competitors (i.e. the primes). This leaves SBIR companies in many
cases with Hobson’s choice: share their IP and hope for the best, or stay private
and be frozen out of partnerships with the primes that dominate DoD spending.
Finding ways to address these issues—possibly through better protection of small
business IP, or at least better training for acquisitions officers about SBIR IP
protections, is an important area for further exploration.

*  Educating Program Executive Officers that the SBIR-supported tech-
nologies can be big time- and money-savers, and that small companies can
produce to scale and on time. Richard Carroll, then-CEO of Digital System
Resources, noted that SBIR training had been part of the general Program Ex-
ecutive Officer training curriculum for one year, but was later deleted.?® In the
Navy, SBIR management has tried to provide a consistent message to Program
Executive Officers and program managers: “SBIR provides money and opportu-
nity to fill R&D gaps in the program. Apply that money and innovation to your
most urgent needs.”3® In essence, SBIR’s unique advantages can be used to solve
specific kinds of problems for acquisition officers.

e Incentives. The evidence above suggests that DoD needs to find ways
to reduce the risk to program mangers of utilizing SBIR Phase II technology.
Various options might be considered, not least on a pilot basis.

5.7.2 Roadmaps and Technology Planning

Because the integration of subprojects (such as those funded by SBIR) into
larger weapons systems is such a complex and long-cycle process, speakers from
the primes stressed that coordination is key:

35National Research Council, Symposium on SBIR: The Phase III Challenge, Washington, DC,
June 14, 2005.

36Presentation by John Williams, Navy SBIR Program Manager, at National Research Council
Symposium on SBIR: The Phase III Challenge, June 14, 2005.
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* Roadmaps are a key to successful coordination of small business ac-
tivities with the primes: “To make successful transitions to Phase III, SBIR tech-
nologies must be integrated into an overall roadmap.”3’ For example, Lockheed
Martin uses a variety of roadmaps, including both technical capability roadmaps
and corporate technology roadmaps. Roadmaps allow program officers to gener-
ate effective “pull,” via the leads to the prime and to smaller subcontractors.

e Start early. The long development cycle of major weapons systems
means that for SBIR projects, panning activities must start very early in the
technology development cycle—if possible during Phase 0—the stage at which
topics are developed.

5.7.3 Outreach and Matchmaking

Suggestions focused on the need for more events like the Navy Opportunity
Forum, on better communications channels, and on improved databases that
shared technology results more effectively across agencies:

* Improved information flow. New electronic tools are needed to help
share technologies and opportunities between and among stakeholders. Current
databases are not sufficient.

*  Very-early-stage outreach. As stakeholders have noted the importance
of very early planning, new mechanisms may be needed to bring small business
into the planning process at an earlier stage than is currently the case.

*  More funding for outreach. The Navy’s TAP program appears to con-
stitute a best practice model. It would therefore be appropriate to provide the fund-
ing necessary to support similar activities at other agencies and components.

5.7.4 Integrating the Primes and SBIR

Elements of an improved relationship between SBIR programs, acquisitions
offices, and the primes are already in place, though these elements are scattered
across DoD. Some of the reforms that might improve relationships among these
parties are:

e Extensive outreach by SBIR program managers to primes’ Technical
Management and Strategic Sourcing staff.

e Education for managers of the prime contractors about the competitive
advantages of participating in the SBIR program, and about congressional interest
in the success of Phase III.

* Improved mechanisms for participation of the primes in topic
development.

¥TPresentation by Mario Ramirez, Lockhead Martin, at National Research Council Symposium on
SBIR: The Phase IlI Challenge, June 14, 2005.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

PHASE III CHALLENGES AND OPPORTUNITIES 185

e Improve primes’ subcontract reporting to include a separate breakout for
SBIR firms, similar to those currently provided for woman-owned and minority-
owned firms.

*  Improved reporting could be matched by expanded requirements, for
example that all new contracts over a specified size should include SBIR subcon-
tracting goals and incentives.

*  Making the SBIR subcontracting plan part of the evaluation criteria for
major contracts.

*  Make sure primes are paid for “Technology Insertion,” and that it is a
major element of their contract.

5.7.5 Funding for Program Management

* Add management funding. The success of the Navy Phase III effort
is at least partly predicated on the extensive and expensive outreach and com-
mercialization support activities it has implemented. While funding is currently
provided by the Navy out of its administrative budget, similar funding has not
been available at other components and agencies—and hence similar programs
have not developed. Additional funding for these purposes should be provided.

In contrast, the entire Air Force SBIR program is managed by four
staff members at Wright-Patterson AFB. While the program has experienced 70
percent growth since 2000, there has been no additional funding for transition
assistance or program administration. As a result, the Air Force has no funds to
document or track success—which is an important component in helping acquisi-
tion program managers see the value of the program.38

5.7.6 Training

*  Acquisitions officers. Improved understanding of SBIR among acquisi-
tions officers is probably a necessary condition for overall increase in Phase III
success rates. Several possible options here include:

o Requiring SBIR training through the Defense Acquisition

University.

o Requiring Phase III reporting by acquisition offices.
o Requiring acquisition programs to include SBIR projects and the
planned transition path in milestone reviews.

5.7.7 Reduce Time from Topic Selection to Award

*  Ensure acquisition offices are aware of and leverage Phase II to Phase II1
gap-funding programs.

3Presentation by Mark D. Stephen, Air Force SBIR Program Manager, at National Research
Council Symposium on SBIR: The Phase Il Challenge, June 14, 2005.
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5.7.8 A Flexible Approach to Other Possible
Agency Initiatives and Strategies

A number of suggestions seem to be best addressed through the design and
rollout of carefully designed pilot programs. This would require in some cases
waivers from SBA for activities not otherwise permitted under the SBA Guide-
lines. SBA should be encouraged to take a highly flexible view of all agency
proposals for pilot programs. Some possible options that could be explored in
this way include:

*  Small Phase III awards. These could be a key to bridging the “valley
of death” between technology development and commercialization. Providing
even small Phase III awards—perhaps enough money to fly a demonstration
payload—for a technology not ready for a full Phase III might be explored.

e Unbundling larger Phase III awards. Organizing larger contracts
into smaller components would open Phase III opportunities. For example, the
unbundling of a large contract for a complex life sciences module being competed
by Lockheed and McDonnell Douglas in 1995 led to Orbitec’s major $57 million
Phase III award.

* Redefining T&E within SBIR. DoD and SBA could adopt a wider
view of RTD&E, so that SBIR projects could qualify for limited T&E funding.
That in turn would help fund improvements in readiness level.

e Spring loading Phase III, by putting place in milestones that could
help to trigger initial Phase III funding. This could occur in the context of larger,
staged, Phase II awards in which additional stages fund more Demonstration
and T&E when non-SBIR funds or resources are leveraged (beyond current
Phase II-plus).

This chapter’s focus is on a key phase of the program, the transition from a
successful Phase II to Phase III. It describes the multiple challenges participat-
ing firms, program managers, and senior management face in maximizing the
returns on the SBIR program at DoD. Also described, however, are a wide range
of measures developed over a decade to meet the transition challenge and ad-
dress congressional concerns about the need for greater commercialization. This
active experimentation, and the flexibility that permits it, are hallmarks of the
SBIR program at DoD.

The recommendations made here are intended to contribute to enhanced out-
put from the program that is increasingly seen as an asset by Program Executive
Officers and others in the Defense acquisition process. The growing interest of
the prime contractors, the new incentives provided by Congress, and the growing
recognition of SBIR companies as a valuable source of innovation are all positive
trends that these recommendations are intended to enhance.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

Program Management

6.1 INTRODUCTION

Management of the DoD SBIR program is characterized by two central ele-
ments: (1) the tremendous diversity of objectives, management structures and
approaches among the different services and agencies that fund SBIR programs
at DoD; and (2) the consistent pursuit of improvements to the program to enable
it to better meet its objectives.

The review that follows is focused on describing the mainstream of DoD
practice, and where relevant, divergences from it among the agencies and com-
ponents. It concentrates on describing current practices and recent reforms.

These reforms also impact the way in which assessment must be made. The
significant lags between award date and commercialization means that compre-
hensive outcomes are only now available for awards made in the mid to late
1990s. However, management practices have changed—often significantly—
since the time of those awards.! Hence it is methodologically not possible to
build a one-to-one relationship between outcomes and management practices.

'For example, a number of major internal changes followed the 1995 Process Action Team (PAT)
review. These led to a reduction in the lag between receipt of proposals and award announcement from
6.5 months to 4 months for Phase I, and from 11.5 months to 6 months for Phase II. The Fast Track
Program was also established, which both accelerates the decision-making process and increases the
level of funding for Phase II projects which obtain matching funds from third-party investors. DoD
also required all SBIR Phase II proposals to define a specific strategy for moving their technology
rapidly into commercial use.

187
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Results in a More Complex Process
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FIGURE 6-1 SBIR timeline at DoD.
SOURCE: Michael Caccuitto, DoD SBIR/STTR Program Administrator and Carol Van
Wyk, DoD CPP Coordinator. Presentation to SBTC SBIR in Rapid Transition Conference,
Washington, DC, September 27, 2006.

The latter must therefore be assessed primarily through interviews, focused on
current practice, with awardees, agency staff, and other stakeholders.?

Finally, it is worth noting that DoD processes are quite complex—unsur-
prising, given the high volume of proposals and awards, and the wide variety of
Service and Agency objectives. However, it is possible to provide an overview
of core activities, as seen in Figure 6-1. Each phase of the SBIR program will
be reviewed in turn. Figure 6-1 shows the significant pre-solicitation activities
focused around topic development, some of the funding initiatives in place (Fast
Track and Phase II Enhancements), and the potential role of Phase III which, as
we shall see, should be part of very early activities within the SBIR framework.

>The continuing, at times incremental nature of these changes set against the longer term, often
circuitous processes of firm growth and commercialization of SBIR awards complicates efforts to
relate program management techniques to performance outcomes. Thus, results measured for awards
that occurred ten years ago may not adequately describe how well a service or agency is managing
in its SBIR program today.
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6.2 TOPIC GENERATION AND PROCEDURES

Management of the DoD SBIR program has been largely decentralized to
individual services and agencies. The exception is that the Office of the Deputy
Director of Research and Engineering (DDR&E) uses the topic review process
to exert centralized control over the definition of the SBIR topics included in
official solicitations.

Informal DoD topic review under the lead of the DDR&E began in 1996,
following the recommendations of the 1995 PAT review. A formalized process for
topic review began in 1997. It was designed to promote the closer alignment of
service and agency R&D with overall DoD R&D priorities, to avoid duplication,
and to maintain the desired degree of specialization in the R&D activities of the
respective services and agencies.

Ultimate decision authority on the inclusion of topics in a solicitation lies
with the Integrated Review Team, which contains representatives from each of
the awarding components. Topics are reviewed initially at DDR&E and then
returned to the agencies for correction of minor flaws, for revision and resubmis-
sion, or as discards.

This review process is not necessarily popular with topic authors or program
managers, as it limits their authority. Some senior managers have stated that
they believe the DDR&E offices are not close enough to the programs to make
these kinds of decisions effectively. The process also reduces responsiveness to

Agency Initial
Submission 1 submission

Second
submission

Pre-Review

Agency
Submission 2

Published
solicitation

Agency
Submission 3

FIGURE 6-2 Topic review process.
SOURCE: Developed from interviews with DoD staff.
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BOX 6-1
Acquisition Liaisons

To further foster coordination between its R&D and acquisitions programs, DoD
mandates that each major acquisition program must designate as SBIR liaison an
individual who is:

* knowledgeable about the technology needs of the acquisition program and
* responsible for technology infusion into the program.

These liaisons interface with the SBIR program managers within DoD and with
the SBIR contractor community. Their role is to integrate SBIR technologies into
their acquisition programs.

Contact information for the liaisons is listed on a DoD SBIR Web Site so that
both DoD laboratory personnel and SBIR contractors have—in theory at least—an
efficient means of communicating with their end customers in acquisition pro-
grams at all stages of the SBIR process. The liaisons may author topics or cause
them to be authored.

However, speakers at the NRC Phase |l Conference observed that agencies
sometimes worked around the mandate by assigning numerous liaison roles to a
single individual as a pro forma matter, making the function effectively useless.?

4See National Research Council, SBIR and the Phase Ill Challenge of Commercialization,
Charles W. Wessner, ed., Washington, DC: The National Academies Press, 2007.

changed circumstances (such as 9/11) as it increased the time required for ap-
proval of possible topics. However, the review process has, according to DoD
staff, improved clarity in topic descriptions and forced the technical monitors
(TPOCs) to address how the possible applicants might transition into Phase IIL.3
DoD has tried to find ways of mitigating the negative effects of review—for
example, by providing means to reduce delays for “hot” topics, such as the Navy
quick response topics awarded in the aftermath of 9/11.

Topics originate in service laboratories or in program acquisition offices.
The laboratories are focused on developing technologies to meet the ongoing
research needs of their organization. Some awarding organizations within DoD
do not have their own laboratories. In practice, these organizations frequently turn
to the “in-house” expertise of the service laboratories both to transform mission
requirements into R&D topics, and to suggest topics relevant to the organizations’
requirements.

Topic authors frequently serve in a dual capacity. After their topic has been
accepted and an award made, they become the technical monitors for the con-
tract that results. Thus, even though these technical monitors are often insulated

3Presentation by Carol Van Wyk, presentation to Navy Opportunity Forum, Reston, VA, 2004.
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from the day-to-day needs of the front-line commands, they are charged with
the responsibility of developing technologies that are relevant to DoD’s overall
performance and to the specific mission needs of the funding components.

Further changes in topic generating procedures are under way. Missile De-
fense Agency (MDA) representatives, for example, described a reengineering
of topic generation procedures intended to shift the focus of projects away from
those based on program elements to what was termed a more MDA-centric ap-
proach, aimed at generating topics that enhance the agency’s technical perfor-
mance capabilities and fill agency-wide gaps in existing systems.

Primes are also invited to suggest SBIR topics through informal discussions
with laboratory personnel or SBIR program managers at scientific meetings,
technology conferences, and trade shows, as well as at DoD’s own outreach
workshops. Other channels for input include prerelease discussions with topic
authors, and ongoing contacts between firms and technical monitors for current
SBIR awards. Case study interviews with firms indicated that these informal®
channels are a recognized and generally accepted facet of the SBIR program.
Firms do express some ambivalence about the proprietary of these informal chan-
nels, and about the frequency with which they affect the selection of topics, and
thus the distribution of awards.

There is no formal process within DoD through which firms can suggest
topics, so SBIR program managers have no information about how often firm-
suggested topics are adopted. The iterative review and revision process for DoD
topics is also such that the ultimate topic released may differ substantially from
that originally proposed. And, of course, many proposed topics do not make it
through the review process.’

Overall, the vast majority of topics are agency-driven. DoD has established
seven criteria®, which are used in the review of potential SBIR topics:

*  Topics will solicit R&D and not procurement.

*  Topics must involve technical risk; i.e., technical feasibility is not yet
established.

*  Topics will fall within one or more of the DoD key technology areas.

“The Army section of the Solicitation 06-2 contains the following “Small Businesses are encour-
aged to suggest ideas that may be included in future Army SBIR solicitations. These suggestions
should be directed to the SBIR points-of-contact at the respective Army research and development
organizations listed in these instructions.”

°It is important to note there are no hard data on the extent of firm influence on topics, and there
are unlikely to be any in the future. When a firm wins an award on a topic that it is perceived to have
initiated, other firms suggest that selected SBIR competitions are “wired.” However, if a firm fails to
win a topic it suggested, that information rarely becomes public, so information asymmetries result
in an unbalanced perspective.

6See National Research Council, The Small Business Innovation Research Program: An Assess-
ment of the Department of Defense Fast Track Initiative, Charles W. Wessner, ed., Washington, DC:
National Academy Press, 2000.
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*  Topic will allow the performing company “significant flexibility,” stress-
ing innovation and creativity.

e Topics will include examples of possible phase III dual-use
applications.

*  Topics will not duplicate each other.

*  Topics will be clearly written.

The services and agencies initially submit draft topics to OSD 6 months
before the scheduled closing date of a solicitation. OSD and DDR&E conduct a
one month detailed review using the review criteria. The topics are then accepted
or returned to the originating service or agency for revision. The originators may
revise and resubmit for a second DDR&E review. Topics that fail the second
review are returned to the services and agencies, who may appeal the rejection
to an integrated review team.

All ultimately approved topics are returned to the originators for final certi-
fication, followed by publication of the pre-release.

In addition, each Service and agency has its own review process that pre-
cedes the DoD-wide OSD review. The duration of these processes depends on
numerous factors, including the size of the agency (larger agencies have more
topics to review). Thus, the Army topic review is a centralized online process
that takes 4 months, while the less centralized, but also online, Air Force SBIR
Topic Submission Module may be active six months ahead of the OSD review
process.

6.3 PRE-RELEASE

An overriding consideration at DoD is that its procedures for managing the
SBIR solicitation process comply with Federal Acquisition Regulations (FAR).
At the same time, DoD wants to provide as much information as allowable
to firms interested in submitting proposals. FAR prohibits contact between an
agency issuing a solicitation and prospective bidders once a solicitation has been
issued, other than written questions to the contracting officer. The contracting
officer in turn must make the question and answer available to all prospective
bidders. This balancing act is managed through the pre-release process.

Pre-release is an important DoD SBIR initiative, which has won considerable
praise from small businesses. The pre-release posts the entire projected solicita-
tion on the Internet about two months before the solicitation is to open. Each topic
includes the name and contact information of the topic author/monitor. Interested
firms may discuss with the topic author/monitor the problem that the government
wants to solve, as well as their intended approach.

From the firm’s perspective, a short private discussion with the topic author
can often help avoid the cost of preparing a proposal if the firm’s capabilities do
not match those required to compete successfully. Alternatively, the discussion
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can help refine the firm’s understanding of the technical requirements embed-
ded in the solicitation and lead it to prepare a more focused and competitive
proposal.

Discussions can also open new possibilities for the firm, as it learns that its
capabilities are better suited for other topics, other acquisition programs, or the
unmet needs of prime contractors. Firms new to SBIR often get procedural infor-
mation, and are steered to the appropriate DoD Web sites for further information.
In all, the pre-release period has generally been viewed positively both by DoD
and by participating firms.

Pre-release concludes when the solicitation is formally opened, about 45
days before the closing date. Almost all released topics coincide with those in
the pre-release, although occasionally a few topics from the pre-release are not
included in the solicitation. At this stage, all mention of topic authors is removed
from the topics. The formal solicitation is posted on the Internet, at <http://www.
dodsbirnet/>. As mentioned above, firms can ask questions, but the answers from
the contracting officer are posted for view by all potential proposing firms.

6.4 SELECTION PROCEDURES

6.4.1 Phase I Contract Selection

Since the SBIR program’s inception at DoD, all SBIR awards have been
contracts awarded on a competitive basis. The solicitation identifies the evalua-
tion criteria for both Phase I and Phase II. Contracts generally require a deliver-
able, and for most Phase II SBIR contracts in recent years, the deliverable is a
prototype. Having a prototype is often the first step in demonstrating commercial
potential. Only firms that are completing a Phase I project can be considered for
a Phase II award.

Beginning in 2003, DoD put a single contracting officer in the Defense
Contracting Office, Washington, DC, in charge of the solicitation process. This
civilian position is designed to provide prompt proper attention to logistical
problems that might adversely affect the timely submission of proposal—such
as the January 2003 overloading’ of the electronic site that caused some firms to
miss the original submission deadline. The lead contracting officer can now make
decisions to extend the proposal deadline or otherwise modify requirements.

Once the Phase I proposal deadline date has passed, each DoD component
takes charge of the proposals submitted in response to its topics. The selection

"DoD SBIR Solicitation 2003-1 was the first to require all proposals to be submitted electronically.
It cautioned firms; “As the close date draws near, heavy traffic on the web server may cause delays.
Plan ahead and leave ample time to prepare and submit your proposal.” However most firms waited
until the closing 24 hours, resulting in network overload and a subsequent decision to reopen the
solicitation. Subsequently, DoD substantially increased server capacity, and no subsequent solicitation
has encountered similar problems of overload and delay.
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process varies considerably among services and agencies, from a centralized deci-
sion process in the Army to decentralized processes in Navy and Air Force. SBIR
technical monitors are involved in the evaluation teams and recommendation of
proposals to varying degrees. Contracting officers make the final selections and
awards.

The actual selection process is quite diverse. DoD has about 30 separate
awarding elements (e.g., the Navy has 8 to 10). There are published criteria for
evaluation in each solicitation, and written evaluations are prepared by each eval-
uator for each proposal, but there is no published standard procedure as to how
an element picks who will evaluate, though generally there are three reviewers
per proposal, nor what happens after the initial evaluation. Proposals are evalu-
ated on their merit, not necessarily in comparison to other proposals before the
agency decides how many awards to make. Thus there may be one or more tiers
of technical management within an element making recommendations before
the proposals reach the contracting officer. Ultimately, some topics will see only
one award while others may see multiple awards. These decisions may be based
solely on the quality of the proposal, or may include the diversity of technical
approaches and the importance of the topic, as well as available funding.

A contracting officer is designated as the Source Selection Authority (SSA),?
with responsibilities defined in Federal Acquisition Regulations (FAR).® Adher-
ence to these regulations is necessary to avoid protests about selection procedures
being filed with the General Accounting Office (GAO). Proposal evaluations are
legally based solely on the factors specified in the solicitation. These include:

a. The soundness, technical merit, and innovation of the proposed ap-
proach and its incremental progress toward topic or subtopic solution.

b. The qualifications of the proposed principal/key investigators, support-
ing staff, and consultants. Qualifications include not only the ability to perform
the research and development but also the ability to commercialize the results.

c. The potential for commercial (government or private-sector) application
and the benefits expected to accrue from this commercialization.

Where technical evaluations are essentially equal in merit, cost to the gov-
ernment is considered as a tiebreaker. The solicitation also states that, “Final
decisions will be made by the DoD component based upon these criteria and

8Unless the agency head appoints another individual for a particular acquisition or group of acquisi-
tions which it does rarely for SBIR.

For example, in accordance with FAR 15.303(b)(1), the SSA shall “establish an evaluation team,
tailored for the particular acquisition, that includes appropriate contracting, legal, logistics, technical,
and other expertise to ensure a comprehensive evaluation of offers.”
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consideration of other factors including possible duplication of other work, and
program balance.”'?

In general, firms speak positively of the fairness of the award selection pro-
cess. Some interviewees privately note that some firms have extensive contact
with DoD officials, and are thus better able to have their specific technologies
“built into” the topic selection process and thus have an inside track in selected
competitions. Importantly, they also report that this advantage does not automati-
cally lead to an award.

6.4.2 Phase II Selection Procedures

A Phase II proposal can be submitted only by a Phase I awardee, and only
in response to a request from the agency. The latter condition is unique to DoD’s
SBIR program. Phase II application is not initiated by a solicitation, or by the
awardee. Although the formal evaluation criteria remain the same, the commer-
cialization factor is more important for Phase II selection.

DoD components use different processes to determine which firms to invite
for the Phase II competition. These vary from a decision made by the technical
monitor for Phase IIs at DARPA to a centralized process like that used at MDA.!!
The latter provides a template for Phase II decisions, where recommendation is
based on several criteria.!?

e The Phase II prototype/demonstration (what is being offered at the end
of Phase 11?).

e Phase II benefits/capabilities (why it is important?).

e Phase II program benefit (why it is important to an MDA program?).

e Phase II partnership (who are the partners and what are their commit-
ments? Funding? Facilities? This also can include Phase III partners).

*  Potential Phase II cost.

These criteria address the basic business case for a Phase II invitation. Providing
answers requires communication between the program office, the Phase I SBIR
awardee, and the Phase I technical monitor.

Selection processes may be centralized, with a fixed date for submission of
all of the Phase II proposals for that year (as in the Army), or decentralized to
component commands or laboratories, as in the Navy and Air Force, where deci-

10This quote from section 4.1 of DoD SBIR Solicitation 2005.3 had been identical in every so-
licitation since 1983. It was changed slightly in 2006 such that the other factors are now specified
in section 4.2.

""An MDA program begins the process for a Phase II invitation by making a recommendation (all
MDA topics are sponsored by MDA programs).

"2Criteria provided by Mike Zammit, MDA SBIR Program Manager, in an interview on September
22, 2005.
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sions are made as the individual proposals are received and evaluated. Scoring
procedures vary among components, with some using primarily qualitative as-
sessment ratings and others a more quantitative approach to scoring.!3

6.4.2.1 Commercialization Review

Under the 1992 Reauthorization, DoD established a Company Commercial-
ization Report (CCR) as a part of any SBIR proposal for all firms which had 15
or more Phase II awards over the previous five years. DoD extended the CCR
requirement to all firms in 1997, and made submission electronic in 1999. By
2000, the DoD CCR required firm information in addition to the sales and fund-
ing information on all prior Phase II awards. Firm information includes identi-
fication information as well as annual revenue, number of employees, issuance
of an [PO—all indicators that can be used to gauge firm development. The CCR
also requires firms to state the percentage of revenue derived from SBIR, which
measures dependency on SBIR.

The CCR permits firms to provide additional information—such as the non-
commercial impact (mission impact, cost savings, reliability improvements, etc.)
of its SBIR projects. These factors, coupled with specific results (sales including
customer, additional funding by source, identification of incorporation into a
DoD system) from prior Phase II awards, along with the numerical score of the
Company Achievement Index (CAI), are used to evaluate the past performance
of a firm in commercializing their prior SBIR.

The CAI compares how well a firm has commercialized its Phase II com-
pared to other firms with like number of contracts awarded in the same time-
frame. Although external discussion often focuses solely on the numerical CAI,
the CCR actually provides the evaluator with a comprehensive picture in which
the CAl is a component. Even when the CAl is extremely low, theoretically deny-
ing one half of the commercialization score, the denial may be overridden based
on the more complete picture.

In addition to the required Company Commercialization Report, each
Phase II proposal must contain a two-page commercialization strategy, addressing
the following questions:

*  What is the first product that this technology will go into?
*  Who will be your customers, and what is your estimate of the market
size?

13To give an example of how this works at a component, at MDA the TPOC recommends a Phase I
invitation. The recommendation goes to the MDA SBIR Working Group, and on approval then goes to
the MDA SBIR Steering Group (which decides based on the same criteria plus funding availability).
The steering group recommendation then passes to the MDA Selection Official, who has the final
authority.
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*  How much money will you need to bring the technology to market, and
how will you raise that money?

*  Does your company contain marketing expertise and, if not, how do you
intend to bring that expertise into the company?

*  Who are your competitors, and what is your price and/or quality advan-
tage over them?

The commercialization strategy must also include a schedule showing esti-
mated commercial returns (i.e., amount of additional investment, sales revenue,
etc.) one year after the start of Phase II, at the completion of Phase II, and after
the completion of Phase III.

Finally, proposed cost-sharing by a third party has been an accepted tie-
breaker between equivalent proposals since the program’s inception. In the early
1990s, MDA (then known as SDIO/BMDO) began emphasizing co-investment
as evidence of commercialization potential. Matching funds became a formal
requirement for some parts of DoD SBIR with the implementation of Fast Track
in 1996. The ratios used and the source requirements for third-party funds vary
among components.

6.4.3 Composition of Selection Panels

Selection panels are comprised of DoD personnel. Two or three technical
experts at the laboratory level review each proposal. Proposals are judged com-
petitively on the basis of scientific, technical, and commercial merit in accordance
with the selection criteria listed above.

Responsibility for each topic has been clearly established prior to the Phase I
solicitation, so reviewers can access their proposals electronically immediately
after the solicitation closes. This significantly shortens the decision cycle. If a
proposal is beyond the expertise of the designated reviewers, the person with
overall topic responsibility will obtain additional reviewers.

6.4.4 Fairness Review

Firms whose proposals were rejected can request a debriefing, which indi-
cates how the proposal was scored on each specific evaluation criterion. The crite-
ria discussed at debriefings must include only those that can fairly and properly be
used for determining source selection. If practicable, the contracting officer and at
least one engineer or scientist knowledgeable in the applicable field of technology
conducts the debriefing, offering feedback on the weaknesses and strengths of the
proposal, and how it might have been improved. The debriefing aims to ensure
that the applicant fully understands why the proposal was not selected.

As recounted by firms and SBIR program officers, submitting an SBIR pro-
posal to DoD is a learning process. Firm interviews indicate that many were ini-
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tially unsuccessful, and that all had “losers” as well as “winners.” There are many
workshops available where firms can learn how to submit good SBIR proposals,
but experience—including debriefings—is often the best teacher. !4

6.4.5 Program Manager Role

Currently, the role of the SBIR program manager at the awarding agencies
and components is largely administrative. It entails monitoring award decisions,
reporting, and the expenditure of contract funds. Notably, program managers do
not currently make award decisions at any of the components.

This role has changed over time. For example, prior to 1993, the Army
program manager did decide who to fund, largely based on which R&D orga-
nizations first submitted sound recommendations for funding. Through the late
1990s, the MDA SBIR program manager had considerable influence over final
decisions on awards.

In many cases, the maximum award given by a component is smaller than
that allowed in SBA guidelines. Successful Phase II outcomes, which demon-
strate the value of additional funds, are also often the basis for the addition of
non-SBIR program funding. Because of the way DoD records awards, this makes
it appear that DoD is awarding contracts much larger than SBA SBIR guidelines.
But selection procedures and authority for additional funds lie with the acquisi-
tion program or the R&D organization, not the SBIR program manager.

6.4.6 Resubmission Procedures and Outcomes

If a Phase I proposal is not selected for award, firms may submit a very
similar proposal for a topic in a subsequent solicitation, or submit a proposal
in response to the solicitation of a different agency. A firm may also submit a
very similar proposal to two or more DoD components or other agencies in the
same solicitation if each component had an appropriate topic. In these cases, the
firm must note that the other proposals are being submitted. If any proposal is
awarded, the firm must inform the other agencies.

Resubmission of rejected Phase II proposals is more difficult. In most of
DoD, aside from the Army, a rejected Phase II cannot be resubmitted for the same
Phase I topic. The Army allows resubmission of a rejected Phase II proposal or
submission of a Phase II proposal on a Phase I proposal from a prior solicitation
year. Navy also encourages the Navy staff to find relevant Phase Is that did not
go to Phase II, both from the Navy and other agencies and services, to meet new,
related needs in a more timely fashion.

14When an agency makes an award, if only one proposal was submitted for a topic, that must be
reported to SBA. DoD does not award single proposals. Not every topic results in an award, and all
awards result from competition.
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6.5 POST-AWARD TRAINING AND ASSISTANCE

DoD provides considerable information about sources of assistance for poten-
tial participants and awardees on its Internet sites. Program managers participate
in workshops at national and regional SBIR conferences, and at various outreach
activities to provide training to firms interested in participating or improving their
performance in the SBIR program.

At the Navy, initial participation is required for all Phase II recipients,
although not all choose to complete the entire program. The Navy Transition
Assistance Program (TAP), formerly the Commercialization Assistance Program
(CAP), was recently reoriented. The name change emphasizes the mission ori-
entation of this program.

TAP is a 10-month program offered exclusively to SBIR and STTR Phase II
award recipients. The program aims to (1) facilitate DoD use of Navy-funded
SBIR technology; and (2) assist SBIR-funded firms to speed up the rate of
technology transition through development of relationships with prime contrac-
tors, and by supporting preliminary strategic planning for Phase III. TAP also
underwrites the Navy’s Opportunity Forum, an annual event attended by prime
contractors, other private sector companies, and representatives from various
DoD agencies as well as SBIR awardees.

6.6 OUTREACH: PROGRAM INFORMATION SOURCES

The DoD Web site!’ provides extensive information that supports the prepa-
ration of proposals and negotiation of the contracts. Detailed information avail-
able via the web site provides in-depth information on the DoD program.

The DoD SBIR Help Desk, 1-866 SBIR HELP, is available to answer gen-
eral and administrative questions. During pre-release, technical monitors answer
technical questions about topics and agency needs.

DoD sponsors or participates each year in National SBIR Conferences. In
addition, when state or regional activities sponsor SBIR events, one or more
DoD SBIR program managers (dependent on the size of the event) generally
participate. Such events provide information on the program including classes on
specific aspects and usually provide opportunities for firms to have one-on-one
meetings with a DoD program manager to address individual questions.

The schedule below was taken from the DoD Web site in December 2006.
National conferences are published a year in advance, whereas other events are
not usually known more than a quarter in advance.

S Available at <http://www.acq.osd.mil/osbp/sbir/>.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the Department of Defense
http://lwww.nap.edu/catalog/11963.html

200 SBIR AT THE DEPARTMENT OF DEFENSE

National SBIR Conferences

e 2006 Fall National SBIR/STTR Conference, Milwaukee, WI, Novem-
ber 6-9, 2006.

*  Beyond Phase II: Ready for Transition Conference, Crystal City, VA,
August 20-23, 2007.

e 2007 Spring National SBIR Conference, Research Triangle Park, NC,
April 30-May 3, 2007.

e 2007 Fall SBIR Conference, Richardson, TX, October 29—November 1,
2007.

Other Events Where DoD SBIR Will Be Present

* Innovative Transitions 2006 Virginia's 12th Annual SBIR Conference,
Herndon, VA, December 4-5, 2006.

6.7 FUNDING GAPS AND FUNDING INITIATIVES

Funding gaps between Phase I and Phase II proposals continue to pres-
ent a financial problem for many SBIR awardees, especially for start-up and
other smaller firms. The standard adjustment for firms addressing this gap is to
reduce work on the project and to redeploy personnel to other funded projects.
Larger firms with multiple SBIR awards or considerable prior experience with
the program appear to treat the gaps as routine, if annoying, business liquidity
problems.

For firms that do not have other sources of funding, funding gaps can require
managers to shut down projects, lay off staff, and, go without salary for several
months. An especially irksome aspect of the funding gap reported by some firms
is that delays in funding do not always lead to adjustments by DoD technical
monitors in the scheduling of Phase II deliverables.

Over the years, DoD has implemented a number of initiatives to help address
these funding gap issues. Some of these are discussed below.

6.7.1 Reducing the Time to Contract

DoD has now formally introduced the objective of reducing the Phase II
funding gap from an average of 11.5 months to 6 months.

DoD has limited influence over the actual pace of work under the Phase I
award and how quickly firms prepare their Phase II submission following com-
pletion of this initial work. As with Fast Track, DoD can encourage early sub-
mission. However Phase I research can itself result in a change of direction for
Phase II—so an early Phase II proposal may sometimes be inappropriate.

When DoD uses a centralized selection process, all Phase II proposals for
that component are due the same day. But since the Phase I contracts are awarded
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by different contracting officers, some Phase I contracts are awarded before oth-
ers; thus this part of the gap may vary. If the process is not centralized, Phase II
evaluation may begin as soon as a proposal is received, which eliminates part of
the potential gap.

The Phase II selection process itself is not the primary source of the Phase II
funding gap. Most of the Phase II funding gap occurs after the Phase II award
selection. While Phase I awards are small enough for the contracting officer to
apply simplified contracting procedures, Phase II awards are too large for such
procedures, and require a complex process consistent with FAR regulations.

Since 1996, DoD has substantially reduced the Phase I-II gap by speeding
the evaluation process and conducting most of the post selection procedures in
parallel rather than sequentially. One of the most time consuming activities is the
audit of the firm’s accounting procedures to ensure compliance with the FAR.
After the audit relating to a firm’s first Phase II is completed, no subsequent pre-
award audits are required. However, since DoD attracts so many new entrants
each year, many awardees do require an audit. The time involved includes sched-
uling an extremely busy Defense Contract Audit Agency, conducting the audit,
the firm changing procedures if required and reinspections if needed. Firms new
to the SBIR program are informed of the requirement prior to Phase I, and are
provided with information on what is required in accounting; they are encouraged
to begin the process early. All components have reduced the gap to six months or
less, and have established procedures to provided gap funding.

6.7.2 SBIR Fast Track

As early as 1992, DoD’s Ballistic Missile Defense Organization (BMDO) had
begun to reward applications whose technologies demonstrated commercial pri-
vate sector interest in the form of investment from outside sources. This BMDO
“co-investment” initiative was effectively an informal “Fast Track” program.

In October 1995, DoD launched a broader Fast Track initiative to attract new
firms and encourage commercialization of SBIR-funded technologies throughout
the department. The initiative aims to improve commercialization through pref-
erential evaluation and by providing tools for closing the Phase I-Phase II fund-
ing gap. The program expedites review of, and gives continuous funding during
the traditional funding gap to Phase II proposals that demonstrated third-party
financing for their technology. Under Fast Track, third-party financing means
investment from another company or government agency; or investment in the
firm from venture capital or some other private source. Internal funds did not
qualify as matching funds.

The matching rates depend on whether the proposing firm has won previous
SBIR Phase II awards.

Projects that obtain such outside investments and thereby qualify for the Fast
Track will (subject to qualifications described in the solicitation):
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e Receive interim funding of $30,000 to $50,000 between Phases I and I,

e Beevaluated for Phase IT award under a separate, expedited process (the
expedited decision-making process is acceptable to the agency because outside
funding provides an additional form of validation for the commercial promise of
the technology); and

*  Be selected for Phase II award provided they meet or exceed a thresh-
old of “technically sufficient” and have substantially met their Phase I technical
goals.

Fast Track focuses SBIR funding on those projects that appear most likely
to be developed into viable new products that DoD and others will buy and that
will thereby make a contribution to U.S. military or economic capabilities. More
broadly, the Fast Track program seeks to shorten government decision cycles in
order to interact more effectively with small firms focused on rapidly evolving
technologies.

Outside investors may include such entities as another company, a venture
capital firm, an individual investor, or a non-SBIR, non-STTR government pro-
gram; they do not include the owners of the small business, their family members,
and/or affiliates of the small business.

Small companies report that they have found Fast Track to be an effective
tool for encouraging investors to provide additional funds, by offering the op-
portunity for a match of between $1 and $4 in DoD SBIR funds for every $1 of
third-party investment. Investors are essentially acquiring additional nondiluting
capital with their investment.

Based on commissioned case studies, surveys, and empirical research, the
National Academy’s 2000 Fast Track report found that the Fast Track initiative
was meeting its goals of encouraging commercialization and attracting new firms
to the program,'® as well as increasing the overall effectiveness of the DoD SBIR
Program. The Academy recommended that Fast Track be continued and expanded
where appropriate.

In recent years, the data suggest that firms and program managers are in-
creasingly preferring to use Phase II Enhancement rather than Fast Track. Using
the award year of the original Phase II as a baseline,!” the data indicate that for
Phase II awards made in 1997, 7 percent were Fast Track and 2 percent were
subsequent winners of Phase II Enhancement. For 2002, 4 percent were Fast

19Tt is important to note the limitations to this research. The first limitation concerns the relatively
short time that the Fast Track program has been in place. This necessarily limited the Committee’s
ability to assess the impact of the program. Secondly, although the case studies and surveys consti-
tuted what was clearly the largest independent assessment of the SBIR program at the Department
of Defense, the study was nonetheless constrained by the limitations of the case-study approach and
the size of the survey sample.

7Phase II Enhancements for a 2002 Phase II are actually awarded in 2004.
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Track and 18 percent were Phase II Enhancement. For 2003 Fast Track awards
fell to 2 percent.'8

6.7.3 Phase II+ Programs

Phase II+ or Phase II SBIR Enhancement programs began in 1999 in the
Army and the Navy. Army provided a dollar-for-dollar match up to $100,000
against third-party investment funds, in a project aimed at extending Phase II
R&D efforts beyond the current Phase II contract to meet the needs of the inves-
tor, and to accelerate the Phase II project into the Phase III commercialization
stage. The Navy program provided a 1:4 match against third-party funding of up
to $250,000. Other services and agencies soon followed suit. '

The services and agencies vary widely in their implementation of enhance-
ment programs, and these programs have also changed over time. The Army now
defines “third-party investor” to mean Army (or other DoD) acquisition programs
as well as the private sector. The Air Force selects a limited number of Phase II
awardees for the Enhancement Program, which addresses technology barriers that
were discovered during the Phase II work. These selected enhancements extend
the existing Phase II contract award for up to one year, and provide a 1:1 match
against up to $500,000 of non-SBIR funds.

The Navy essentially breaks its overall Phase II funding into a smaller than
maximum Phase II contract plus an option. The latter is expected to be fully
costed and well defined in a Phase II proposal, describing a test and evaluation
plan or further R&D. Navy Phase II options typically fund an additional six
months of research.

The Navy has now introduced a new Phase II Enhancement Plan to en-
courage transition of Navy SBIR-funded technology to the fleet. Since the law
(PL102-564) permits Phase III awards during Phase II work, the Navy will pro-
vide a 1:4 match of Phase II to Phase III funds that the company obtains from an
acquisition program. Up to $250,000 in additional SBIR funds can be provided
against $1,000,000 in acquisition program funding, as long as the Phase III is
awarded and funded during the Phase 1.2

MDA also has a Phase II Enhancement policy. While not guaranteed, MDA
may consider a limited number of Phase II enhancements on a case-by-case basis.
Both the MDA and Navy programs are focused exclusively on supporting the

8DoD awards database.

“DoD’s FY2006 solicitation states: To further encourage the transition of SBIR research into
DoD acquisition programs as well as the private sector, each DoD component has developed its own
Phase II Enhancement policy. Under this policy, the component will provide a Phase II company with
additional Phase II SBIR funding if the company can match the additional SBIR funds with non-SBIR
funds from DoD acquisition programs or the private sector. Generally, enhancements will extend an
existing Phase II contract for up to one year and will match up to $250,000 of non-SBIR funds.

20DoD Small Business Resource Center, available at <http://www.dodsbir.net/ft-ph2/>.
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transition of technologies into the services, not into private sector commercializa-
tion. The Air Force program has similar requirements.

6.7.4 DoD Programs for Closing the Phase I-Phase IT Gap

DoD services and agencies vary in the upper level of support they provide
using Phase I awards. This impacts whether they see a need to have separate gap
funding initiatives in addition to Fast Track. DoD Phase I awards are typically
$60,000 to $100,000 in size, and generally last for a period of six to nine months.
Table 6-1 contains a summary of the provisions of each component’s Phase I and
Phase II awards.

6.7.4.1 Navy

The Navy only accepts Phase I proposals with a base effort not exceeding
$70,000 to be completed over six months. Options for contract extensions not
exceeding $30,000 and three months are available to help address the transition
into the Phase II effort. Phase I options are only funded after receipt of a Fast
Track proposal or after the decision to fund the Phase II has been made. The Navy
has thus effectively divided the permitted Phase I funding into two components;
the second component is used as bridge funding between Phase I and Phase II
as necessary.

6.7.4.2 Air Force

The Air Force Phase I proposal covers a nine month effort, and can cost no
more than $100,000 in total. Submission of the Phase II proposal at six months
along with an interim Phase I report provides an additional funded period of three
months while the Phase II proposal is being evaluated.

6.7.4.3 Army

The Army has implemented a Phase I Option that can be exercised to provide
gap funding while a Phase II contract is being negotiated. The Phase I maximum
at Army is $70,000 over six months. The Phase I Option—which must be pro-
posed as part of the Phase I proposal—covers activities over a period of up to
four months with a maximum cost of $50,000. Only projects that receive an Army
Phase II award are eligible to exercise the Phase I Option. Phase II funding is
then reduced to keep the total cost for SBIR Phase I and Phase II at a maximum
of $850,000.
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6.7.4.4 DARPA

Phase I proposals cannot exceed $99,000, and cover a six month effort.
Phase I contracts can only be extended if the DARPA TPOC decides to “gap”
fund the effort to keep a company working while a Phase II proposal is being
generated. The amount of gap funding depends on the funding available to the
TPOC.

6.7.4.5 MDA

MDA accepts Phase I proposals not exceeding $100,000, covering six
months’ work. Fast Track applications must be received by MDA 120 days prior
to the Phase I award start date. Phase II proposals must be submitted within 180
days of the Phase I award start date. Phase I interim funding is not guaranteed. If
awarded, it is usually limited to a maximum of $30,000. However, this funding
is in addition to the $100,000 maximum awarded for Phase 1.

6.7.4.6 USSOCOM

The maximum amount of SBIR funding for a USSOCOM Phase I award is
$100,000 and the maximum time frame for a Phase I proposal is 6 months.

6.8 DOD SBIR PROGRAM INITIATIVES

Chartered by the Principal Deputy Under Secretary of Defense for Acquisi-
tions, the first solicitation of FY 1996 marked the start of new initiatives result-
ing from the Process Action Team (PAT). These initiatives attempted to reduce
the time between the start of proposal evaluation and eventual funding, and to
address the need for improved communications between DoD and potential or
current applicants.

6.8.1 Enhanced Applicant Information and Communications

One important initiative to improve information flows between DoD and
applicants, the establishment of pre-release consultations, has been discussed
above. Companies were also given access to better information and answers to
DoD SBIR questions via DoD Web sites. A copy of a successful SBIR proposal
was posted electronically, as were model Phase I and Phase II contracts.

Program outreach activities were enhanced by initiating pre-release on the
Internet and in the Commerce Business Daily, where proposed solicitation topics
are made available about 45 days prior to the formal release of the solicitation.
OSD—in coordination with the component programs and OSADBU—also ad-
vertises the SBIR program at conferences likely to reach minority- and woman-
owned small technology companies.
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In 1997, the DoD SBIR Home Page (<http://www.acq.osd.mil/osbp/sbir/>)
began offering electronic access to SBIR proposals and contracts, abstracts of
ongoing SBIR projects, solicitations for SBIR and STTR programs, the latest up-
dates on both programs, hyperlinks to sources of business assistance and financ-
ing, and other useful information. The early posting of Phase I abstracts shortly
after award notification allowed potential investors to identify potential Phase I
projects in which to invest. The 1997 solicitation also established the Commer-
cialization Achievement Index (CAI) format for commercialization review.

DoD also established a 1-800 SBIR hot line?! to answer general questions
about the DoD SBIR program. This hot line was expanded in 1996 to provide
assistance/information relevant to proposal preparation strategy, contract negotia-
tion, government accounting requirements, and financing strategies.

6.8.2 Electronic Submission

In FY1999, the Navy required, and the Ballistic Missile Defense Office
(BMDO)?? encouraged, electronic submission of proposal cover sheets and ab-
stracts. The Navy also directed that future Phase I and Phase II summary reports
be submitted electronically. By the second solicitation of that FY 1999, DoD
had established a submission site (<http://www.dodsbir.net/submission>), which
required all proposers to register and provide commercialization information on
their prior Phase II awards electronically.

In 2000, the first entirely electronic submission of proposals occurred in
DoD. CBD required, and USSOCOM allowed, complete proposals to be sub-
mitted electronically. The 2000 solicitation also stressed that DoD was using
commercialization of technology (in military and/or private sector markets) as a
critical measure of performance.

The last paper version of a DoD solicitation was printed and distributed
during October 2002. All DoD SBIR solicitations have been available electroni-
cally since 1997. After 2002, the only source for the DoD solicitation was the
submissions Web site.

In the first full use of electronic submissions in January 2003, DoD received
substantially more proposals than were expected. The large number of submis-
sions in the last three hours before the deadline* led to computer problems
that resulted in several companies submitting late proposals. DoD reopened the

2IBy the first solicitation of FY 1997, the hotline had been renamed the SBIR/STTR Help Desk and
both a fax number and an email address were provided in addition to the phone number to provide
alternate means for obtaining answers to SBIR questions.

22BMDO was the follow on organization to SDIO and the predecessor of MDA.

23Prior to this submission, most components required a mailed hard copy in addition to the elec-
tronic submission. Since the hard copy had to arrive by the closing date, most small businesses had
to complete their proposal on line one or two days before the deadline to allow for mail delivery
time. This first solicitation of 2003 was the first time no hard copy was required, resulting in many
last minute submissions.
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solicitation briefly to allow these companies to compete. DoD has not suffered
similar problems since.

6.9 REPORTING REQUIREMENTS

Phase I final reports are generally required within 210 days of the award.
Most are filed earlier, since Phase I funding is generally complete in 180 days,
and the report is needed for a Phase II evaluation. As of 2004, all Phase I and
Phase II reports must be submitted electronically on the DoD submission site.

Reports fill the contractual requirement for a deliverable. Their use varies
widely based on the initiative of the technical monitor and the specific technol-
ogy being investigated. However, discussions with agency staff suggest that more
use could be made of these reports, especially if better tools were available for
allowing interested parties to search them.

6.10 EVALUATION AND ASSESSMENT

The 1996-1997 Study of Commercialization of DoD SBIR was the only for-
mal study conducted.?* Each solicitation cycle, firms must submit their Company
Commercialization Report as a part of their proposals.

In addition to use in evaluation, the DoD SADBU aggregates some of the
information in the CCR and uses it to brief the DoD Principal Deputy for Acqui-
sition and Technology on progress in the SBIR program. Using the information
in the CCR, components identify successful projects and contact the firms to de-
velop information for success stories and outreach brochures. Several components
conduct annual awards ceremonies to recognize outstanding SBIR projects.

Starting in 1992, GAO has conducted a number of external reviews of the
program, or aspects of the program. These include:

*  GAO/RCED-92-37. SBIR Shows Success but Can Be Strengthened.
This is the first baseline study of the program. It surveyed 100 percent of all
Phase IT awards from 1984-1987. It was conducted in 1990-1991.

*  GAO/RCED-95-59. Interim Report on SBIR. Based on agency inter-
views conducted in 1994 and 1995, this report examined the quality of research
and the duplication of projects.

*  GAO/RCED-98-132. Observations on the SBIR. This report compared
BRTRC’s 1996 DoD survey (100 percent of Phase II awards from 1984-92) with
the original GAO 1991 survey. It included an agency SBIR award database and
interviews.

*  GAO/RCED-99-114. Evaluation of SBIR Can Be Strengthened.

2BRTRC, Commercialization of DoD Small Business Innovation Research (SBIR) Summary
Report, October 8, 1997, DoD Contract number DAAL01-94-C-0050, Mod P00010.
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This assessment focused on use of commercialization records in proposal
evaluation.

e GAO-07-38. Small Business Innovation Research: Agencies Need to
Strengthen Efforts to Improve the Completeness, Consistency, and Accuracy of
Awards Data.

In response to a congressional mandate for a review of SBIR at the five lead-
ing agencies, DoD has commissioned the NRC to undertake the current study.
This review follows the previous NRC report on the Fast Track program at DoD
which compared Fast Track firms with the regular SBIR program at DoD. During
the NRC study’s gestation, DoD program managers also commissioned a smaller,
more focused study by RAND that was just recently completed.?

e NRC Fast Track.

e Navy Output Report (private).
* PART.

*  Program report (50 slides).

e NavAir S&T report.

6.11 ADMINISTRATIVE FUNDING

The decentralized organization of SBIR at Defense makes it difficult to pre-
cisely determine how much administrative funding is spent on SBIR, or where
that funding comes from. The DoD SBIR office is currently engaged in an effort
to gather this information, but does not believe that precise accounting is likely,
given the wide variety of inputs into the selection and management process, al-
most all of which is not directly charged to any SBIR budget line.?

Prior to the establishment of SBIR, each agency was presumed to be ad-
equately staffed and funded to administer its R&D budget, and SBIR constituted
only a change of direction, not an increase in R&D spending, so no additional
administrative funding was anticipated. The SBIR legislation prohibits federal
agencies from using any of the SBIR set-aside to administer the program. DoD
thus incurs costs to administer the SBIR program—and interviews with staff
suggest that it is more expensive to operate a program with hundreds of small
contracts than with a single large contract—but receives no offsetting line item
appropriation.

Each service and agency has had to absorb the costs of managing its SBIR
program out of existing budgets. Within the components, this decentralization
continues. For example, the Navy SBIR program office controls the budget for

25Bruce Held, Thomas Edison, Shari Lawrence Pfleeger, Philip Anton, and John Clancy, Evaluation
and Recommendations for Improvement of the Department of Defense Small Business Innovation
Research (SBIR) Program, Arlington, VA: RAND National Defense Research Institute, 2006.

2Interview with Michael Caccuitto, DoD SBIR/STTR Program Administrator, November 27,
2006.
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its office; each major Navy component (such as NAVSEA or NAVAIR) controls
its own SBIR program budget, and so on, down to the laboratory level.

At the service or agency level, there is an SBIR program manager and
perhaps a program office, which includes contract staff support, as well as a
budget that covers travel expenses. Within the larger components there are SBIR
managers (and offices in some cases) at lower level commands and development
agencies. Some positions are full time; other SBIR managers have additional
duties as well.

At the project level, there are large numbers of technical monitors (TPOCs),
who work part time on one or more SBIR projects. Their salary and travel are
not specifically associated with SBIR in the components. Similarly, no separate
budgets exist to support the contracting officers and legal support necessary for
the operation of the SBIR program.

At the DoD level, the DoD SADBU controls the budget for that office. Simi-
larly the DDR&E controls its budget. Neither of these SBIR-associated offices
allocates or controls the SBIR administrative budget of any component.

Even if line item amounts were available for contract, legal, audit and fi-
nance support, these budgets would likely not include salaries, travel, and other
expenses for the hundreds of technical monitors throughout DoD, who may spend
five to fifty days a year writing topics, reviewing SBIR proposals, or monitoring
SBIR awards as the Contracting Officer’s Technical Representative (COTR).
Imputations of the costs incurred by these activities are possible, but have not
been done. Thus, no estimate of the cost to DoD of managing its SBIR program
currently exists.

Yet while precise budgeting is not possible under the current organization
and financial architecture, it is clear that some agencies provide substantially
more administrative funding than others.?” The Navy’s SBIR program in particu-
lar has been funded at a level of approximately $20 million.?® This has allowed
the Navy SBIR program to innovate in important ways—rvia the TAP program,
for example, and also through enhanced evaluation and assessment efforts. This
level of agency commitment is not matched at other agencies, where significantly
less administrative funding is available.

Both for purposes of evaluation and management, it is important to better
understand the program’s operations and the impact of various procedures of
program innovation. To do so, more management and evaluation resources are
required, as the Navy has demonstrated. Given the substantial size of the current
SBIR program at Defense, additional management funds would seem to be war-
ranted and are likely to be cost effective.

271t should, however, be noted that close comparisons are not self-evident, because each DoD
agency funds its administrative work differently, especially in the SBIR program where so many
other functions (TPOCs, administrators , topic reviewers, proposal reviewers) work on SBIR and
other projects without being attached to any SBIR line item.

2John Williams, Navy SBIR Program Manager, Private communication.
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DoD Data Book

AWARDS
TABLE App-A-1 DoD Phase I and Phase II Awards, per Year

Number of Number of

Year Phase I Awards Phase II Awards Total

1992 1,065 433 1,498
1993 1,303 591 1,894
1994 1,370 406 1,776
1995 1,262 575 1,837
1996 1,372 611 1,983
1997 1,526 638 2,164
1998 1,286 672 1,958
1999 1,393 568 1,961
2000 1,220 626 1,846
2001 1,310 702 2,012
2002 2,162 661 2,823
2003 2,113 1,078 3,191
2004 2,075 1,173 3,248
2005 2,344 998 3,342
Total 21,801 9,732 31,533

SOURCE: Department of Defense.
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APPENDIX A

TABLE App-A-8 DoD Phase I and Phase II Awards, per State (1992-2005)

Phase I Awards Phase IT Awards Total Awards

State Number  Percent State  Number  Percent State  Number  Percent
CA 4,929 22.61 CA 2,198 22.59 CA 7,127 22.60
MA 3,212 14.73 MA 1,412 14.51 MA 4,624 14.66
VA 1,607 7.37 VA 741 7.61 VA 2,348 7.45
MD 1,047 4.80 OH 447 4.59 MD 1,478 4.69
OH 929 4.26 CO 435 4.47 OH 1,376 4.36
CcO 928 4.26 MD 431 443 cO 1,363 4.32
NY 869 3.99 PA 413 4.24 NY 1,269 4.02
TX 848 3.89 NY 400 4.11 PA 1,250 3.96
PA 837 3.84 TX 346 3.56 TX 1,194 3.79
NJ 687 3.15 NJ 309 3.18 NJ 996 3.16
FL 582 2.67 FL 240 2.47 FL 822 2.61
AL 513 2.35 AL 227 2.33 AL 740 2.35
AZ 461 2.11 NM 203 2.09 NM 659 2.09
NM 456 2.09 MI 194 1.99 AZ 616 1.95
MI 420 1.93 CT 191 1.96 MI 614 1.95
CT 392 1.80 WA 165 1.70 CT 583 1.85
WA 326 1.50 AZ 155 1.59 WA 491 1.56
MN 294 1.35 MN 127 1.30 MN 421 1.34
NH 248 1.14 NH 124 1.27 NH 372 1.18
1L 214 0.98 1L 94 0.97 1L 308 0.98
GA 202 0.93 GA 92 0.95 GA 294 0.93
NC 178 0.82 NC 79 0.81 NC 257 0.82
uT 151 0.69 uT 76 0.78 uT 227 0.72
TN 142 0.65 TN 69 0.71 TN 211 0.67
OR 140 0.64 OR 63 0.65 OR 203 0.64
IN 94 0.43 NV 48 0.49 IN 130 0.41

continued
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TABLE App-A-8 Continued

Phase I Awards Phase IT Awards Total Awards

State  Number  Percent State  Number  Percent State  Number  Percent
MO 92 0.42 WI 46 0.47 WI 129 0.41
OK 84 0.39 IN 36 0.37 MO 122 0.39
WI 83 0.38 RI 32 0.33 NV 117 0.37
RI 73 0.33 MO 30 0.31 OK 113 0.36
NV 69 0.32 OK 29 0.30 RI 105 0.33
ME 63 0.29 ME 26 0.27 ME 89 0.28
HI 59 0.27 wv 25 0.26 HI 79 0.25
LA 57 0.26 MT 25 0.26 DE 77 0.24
DE 56 0.26 KS 22 0.23 LA 75 0.24
SC 56 0.26 DE 21 0.22 Ne 75 0.24
\\AY% 50 0.23 HI 20 0.21 WV 75 0.24
DC 49 0.22 VT 19 0.20 MT 72 0.23
MT 47 0.22 SC 19 0.20 KS 67 0.21
KS 45 0.21 LA 18 0.18 DC 62 0.20
VT 43 0.20 D 13 0.13 VT 62 0.20
1D 36 0.17 DC 13 0.13 D 49 0.16
MS 26 0.12 NE 11 0.11 MS 37 0.12
1A 21 0.10 MS 11 0.11 1A 30 0.10
KY 20 0.09 1A 9 0.09 NE 29 0.09
NE 18 0.08 AR 8 0.08 KY 27 0.09
AR 15 0.07 KY 7 0.07 AR 23 0.07
wY 10 0.05 ND 6 0.06 ND 15 0.05
ND 9 0.04 wY 3 0.03 wY 13 0.04
AK 7 0.03 SD 2 0.02 AK 9 0.03
SD 7 0.03 AK 2 0.02 SD 9 0.03
Total 21,801 Total 9,732 Total 31,533

SOURCE: Department of Defense.
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TABLE App-A-9 DoD Awards by Demographics

DoD Awards to Woman-owned Firms

Number of ~ Number of

DoD Awards to Minority-owned Firms

Number of ~ Number of

Phase T Phase 11 Phase T Phase 1T
Year Awards Awards Total Year Awards Awards Total
1992 89 29 118 1992 127 67 194
1993 110 49 159 1993 190 69 259
1994 118 36 154 1994 199 43 242
1995 101 53 154 1995 180 89 269
1996 134 51 185 1996 197 86 283
1997 129 58 187 1997 196 117 313
1998 108 62 170 1998 137 107 244
1999 129 44 173 1999 195 73 268
2000 110 62 172 2000 143 74 217
2001 141 75 216 2001 148 80 228
2002 219 60 279 2002 249 63 312
2003 213 110 323 2003 229 98 327
2004 206 117 323 2004 200 102 302
2005 303 132 435 2005 219 116 335
Total 2,110 938 3,048 Total 2,609 1,184 3,793

DoD Awards to Minority
‘Woman-owned Firms

DoD Awards to Either Minority- or
‘Woman-owned Firms

Number of ~ Number of Number Number of

Phase | Phase 11 of Phase [ Phase 11
Year Awards Awards Total Year Awards Awards Total
1992 32 8 40 1992 184 88 272
1993 31 7 38 1993 269 111 380
1994 20 5 25 1994 297 74 371
1995 25 12 37 1995 256 130 386
1996 27 11 38 1996 304 126 430
1997 31 18 49 1997 294 157 451
1998 26 14 40 1998 219 155 374
1999 31 8 39 1999 293 109 402
2000 19 10 29 2000 234 126 360
2001 28 9 37 2001 261 146 407
2002 51 14 65 2002 417 109 526
2003 34 19 53 2003 408 189 597
2004 38 16 54 2004 368 203 571
2005 43 23 66 2005 479 225 704
Total 436 174 610 Total 4,283 1,948 6,231

SOURCE: Department of Defense.
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TABLE App-A-11 Phase [-Extra-large Awards

Fiscal Year >$150,000 Percent n

1992 0 0.0 1,065
1993 3 0.2 1,303
1994 0 0.0 1,370
1995 0 0.0 1,262
1996 1 0.1 1,372
1997 1 0.1 1,526
1998 1 0.1 1,286
1999 3 0.2 1,393
2000 1 0.1 1,220
2001 4 0.3 1,310
2002 7 0.3 2,162
2003 4 0.2 2,113
2004 4 0.2 2,075
2005 2 0.1 2,344

SOURCE: Department of Defense.

TABLE App-A-12 Phase II Multiple-award Winners 1992-2005 at DoD
Number of Phase I ~ Number of Phase II

Firm Name Awards Awards
FOSTER-MILLER, INC. 361 140
PHYSICAL OPTICS CORP. 316 117
PHYSICAL SCIENCES, INC. 170 75
MISSION RESEARCH CORP. 126 69
ALPHATECH, INC. 117 68
CREARE, INC. 129 60
CHARLES RIVER ANALYTICS, INC. 112 60
CFD RESEARCH CORP. 107 56
TRITON SYSTEMS, INC. 125 55
COHERENT TECHNOLOGIES, INC. 101 53
TECHNOLOGY SERVICE CORP. 90 42
CYBERNET SYSTEMS CORP. 95 41
SCIENTIFIC SYSTEMS CO., INC. 91 38
DIGITAL SYSTEM RESOURCES, INC. 48 36
STOTTLER HENKE ASSOC., INC. 84 36
TEXAS RESEARCH INSTITUTE AUSTIN, INC. 77 36
ORINCON CORP. 97 36
METROLASER, INC. 66 35
SYSTEMS & PROCESS ENGINEERING CO. 69 35
TOYON RESEARCH CORP. 65 34
Total and Average (conversion rate) 2,446 1,122

SOURCE: DoD awards database.
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TABLE App-A-13 Phase II Awards
Fiscal Year ~ Count Mean ($) Maximum ($) Minimum ($)  Sum ($) Median ($)
1992 433 502,886 6,190,970 77,464 217,749,677 496,424
1993 591 560,752 4,293,621 50,000 331,404,639 502,567
1994 406 626,667 1,975,000 94,995 254,426,790 646,025
1995 575 668,247 4,236,522 114,749 384,241,870 650,400
1996 611 692,883 5,776,851 69,977 423,351,421 710,501
1997 638 742,196 6,838,043 87,650 473,520,837 744,797
1998 672 748,204 2,382,173 69,673 502,792,826 748,237
1999 568 789,013 4,089,106 190,195 448,159,151 749,262
2000 626 817,288 3,562,762 99,304 511,622,538 749,110
2001 702 836,488 6,361,394 124,997 587,214,239 748,121
2002 661 844,539 7,674,976 65,000 558,240,048 749,731
2003 1,078 807,484 4,024,384 8,897 870,468,216 747,245
2004 1,173 772,776 4,829,998 104,211 906,466,318 747,989
2005 998 730,747 4,294,783 50,000 729,285,506 748,994
SOURCE: Department of Defense.
TABLE App-A-14 Phase II by Demographics—Woman-owned

Count Mean ($) Maximum ($) Minimum ($) Sum
1992 29 502,363 748,583 200,000 14,568,532
1993 49 547,885 1,230,770 163,021 26,846,376
1994 36 580,652 852,668 150,000 20,903,470
1995 53 638,463 1,707,915 224,960 33,838,550
1996 51 623,435 996,288 363,449 31,795,210
1997 58 657,143 1,249,871 183,998 38,114,287
1998 62 777,291 1,958,009 268,238 48,192,039
1999 44 773,759 1,626,792 515,786 34,045,389
2000 62 789,916 2,017,000 199,958 48,974,781
2001 75 819,575 3,615,525 190,093 61,468,152
2002 60 860,196 2,335,074 65,000 51,611,735
2003 110 803,592 1,799,791 261,943 88,395,121
2004 117 735,810 1,519,149 369,632 86,089,731
2005 132 729,750 4,294,783 299,921 96,327,003

SOURCE: Department of Defense.
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TABLE App-A-15 Phase II by Demographics—Minority-owned
Count Mean ($) Maximum ($) Minimum ($) Sum ($)

1992 67 489,965 1,109,000 127,471 32,827,629
1993 69 525,801 1,044,526 112,775 36,280,278
1994 43 586,361 950,000 197,920 25,213,518
1995 89 666,279 1,550,000 247,339 59,298,801
1996 86 636,184 1,070,892 99,736 54,711,843
1997 117 705,905 1,900,572 206,467 82,590,936
1998 107 776,878 1,958,009 200,000 83,125,959
1999 73 816,322 2,631,489 474,959 59,591,489
2000 74 856,165 3,319,713 374,912 63,356,204
2001 80 838,708 3,615,525 124,997 67,096,603
2002 63 797,885 1,470,483 298,762 50,266,775
2003 98 780,273 1,880,376 154,388 76,466,762
2004 102 767,082 1,500,000 399,974 78,242,363
2005 116 725,954 1,636,356 265,273 84,210,673

SOURCE: Department of Defense.

TABLE App-A-16 Phase II by Demographics—Both Woman- and
Minority-owned

Count Mean ($) Maximum ($) Minimum ($) Sum ($)
1992 8 508,405 748,583 300,000 4,067,240
1993 7 533,298 1,044,526 247,707 3,733,085
1994 5 540,330 750,000 455,810 2,701,652
1995 12 614,381 822,583 371,191 7,372,572
1996 11 602,246 750,000 374,975 6,624,703
1997 18 613,276 813,216 206,467 11,038,971
1998 14 957,908 1,958,009 284,000 13,410,707
1999 8 851,092 1,626,792 598,865 6,808,736
2000 10 796,973 1,449,309 374,912 7,969,731
2001 9 1,073,370 3,615,525 190,093 9,660,331
2002 14 783,051 1,241,412 298,762 10,962,716
2003 19 869,871 1,799,791 598,405 16,527,544
2004 16 799,599 1,459,029 548,659 12,793,584
2005 23 774,584 1,501,563 399,847 17,815,442

SOURCE: Department of Defense.
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APPENDIX A

OUTCOMES
TABLE App-A-18 Project Status

1. What is the current status of the project funded by the referenced
SBIR award? Select the one best answer.
Percentages are based on the 920 respondents who answered this question (#1).

Count  Percent
43 4.7 a. Project has not yet completed Phase II.
214 23.3 b. Efforts at this company have been discontinued. No
sales or additional funding resulted from this project.
92 10.0 c. Efforts at this company have been discontinued. The
project did result in sales, licensing of technology, or
additional funding.
244 26.5 d. Project is continuing post-Phase II technology
development.
145 15.8 e. Commercialization is underway.
182 19.8 f. Products/Processes/Services are in use by target
population/customer/consumers.
n=920 920 100.0
43 4.7 a.
214 233 b.
257 27.9 Projects not completed or discontinued without sales.
214 23.3
92 10.0 c.
Next: Question 2 306 333 Projects discontinued.
92 10.0 c.
244 26.5 d.
145 15.8 e.
182 19.8 f.
Next: Question 3 663 72.1 Projects that could answer commercialization questions.

SOURCE: NRC Phase II Survey.
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TABLE App-A-20 Sales

3. Has your company and/or licensee had any actual sales of products,
processes, services or other sales incorporating the technology developed
during this project?
(Select all that apply.)
This question was not answered for those projects still in Phase II (5 percent)
or for projects, which were discontinued without sales or additional funding
(23 percent).
The denominator for the percentages below is all projects that answered the
survey.

(See Question 1) 660 of 663 projects answered this question (#3).

Count  Percent

(See Question 8) 169 25.6 a. No sales to date, but sales are expected
71 10.8 b. No sales to date nor are sales expected
319 48.3 c. Sales of product(s)
57 8.6 d. Sales of process(es)
180 27.3 e. Sales of services(s)
61 9.2 f. Other sales (e.g. rights to technology, licensing,
etc.)
n=660 857 129.8 Multiple answers allowed. Question asked to select

all that applied.

Count  Percent

214 1b
71 3b
285 31.0 We can conclude that 31 percent of the projects

have no sales to date, and expect none.

SOURCE: NRC Phase II Survey.

TABLE App-A-21 Project Status 11

Percent Count

la 4.7 43 Phase II Project not completed yet

1b 233 214 Projects abandoned, no sales/revenues
(1c,d,e,Hx(3a) 17.6 162 Projects in development, expecting sales
(1d,e,H)x(3b) 4.2 39 Projects in development, not expecting sales

(1c,d,e,h)x(3c,d,e,f) 457 420 Projects with some sales/revenues

(1c)x(3a) 0.8 7 (Discont. w/sales)x(no sales to date, sales expected)
(1c)x(3b) 3.0 28 (Discont. w/sales)x(no sales to date, none expected)
0.8 7 Projects dropped out of survey before answering
100.0 920

SOURCE: NRC Phase II Survey.
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TABLE App-A-22 Sales Dollars

Of the 420 projects that reported sales or licensing at time of survey,
(see sales) 399 projects reported the year for first sale (Question 4).
Of the 399 projects that reported the year for first sale,
378 projects reported company sales dollar amount > 0 (Question 4b company

only)

Count Percent q_4_b_company
246 65.1 >0 and <$1M Mean $2,894,834
94 24.9 $1M to <$5M Standard Error $506,081
10 2.6 $5M to <$10M Median $500,000
25 6.6 $10M to <$50M  Mode $500,000
3 0.8 $50M + Standard Deviation $9,839,338
Range $121,999,999
378 100.0 Total Minimum $1
Maximum $122,000,000
Sum $1,094,247,315
Count 378

Of the 420 projects that reported sales or licensing at time of survey,
399 projects reported the year for first sale (Question 4).
Of the 399 projects that reported the year for first sale,
393 projects reported a combined sales dollar amount > 0 (Questions 4a + 4b)

Count Percent 4: total combined sales
235 59.8 >0 and <$1M Mean $3,244,750
106 27.0 $1M to <5M Standard Error $500,065
49 12.5 $5M to <50M Median $599,000
3 0.8 $50M + Mode $1,000,000
Standard Deviation $9,913,396
393 1000 Total Range $124,499,998
Minimum $2
Maximum $124,500,000
Sum $1,275,186,8